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(54) Sealed electrical connectors 

(57) A moisture and temperature resistant electrical 
connector has a body (1 10) containing a terminal (116), 
for sealingly connecting transmission means (122) and 
containing a gel-like sealant composition disposed along 
or adjacent to the terrnmal witRiiTthe connector body The 
gel-like sealant composition includes an ela stomeiric 
thermoplastic polyme r and an exten der for the pd ymer 
The extender comprises a'major portion by weigHt'STthe" 
composition and the polymer comprises a minor propor- 



tion by weight of the composition . The elastomeric ther- 
moplasti c polymer comprises a f irsn.ela stQmeric 
'^th^Tf tigfflastic poly^ ther- 
^moplastic polyme'r.~T he mell'viscosj^T thFseco^ - 
""ymeris aHeasF about 50 times greater than the melt 
viscosity of the first polymer The weight ratio of the sec- 
ond polymer to the first polymer is from about 1 :20 to 
about 1 :5. 
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Description 

The present irwention relates to electrical connertors which include polymerKjontaW 

5 '°"^eSfs descril^ and claimed in European patent application No 923076301 from which the P^^^^."* ?PP"^°" 
hasbeendividedamoisture and temperatureresistant electrical connector for seal.nglyconnect,|^^^^^^^ 
the Sinector being of the type having a connector body having a terminal for acceptng and electrically connecting w^tti 
he Srmt on means an^lncluding a gel-like sealant composition disposed along or adjacent to the terminal w,ti..n 
the connector body, the gel-like sealant composition having an elastic memory at break of at least about 200%. char- 

,0 «ct«rized_in^hat:^^ ^^^^^ ^^^^^ ^ ^^^^ ^ ^ ^^^^^^^ ^^^^^^ ^, ^ ^^^^^^^ 

about O.OSg as measured by removal weight and comprising: 

(I) a minor proportion by weight of organic polymer having elastomeric properties at about room temperature and 
15 thermoplastic properties at above about room temperature; 

(ii) a major proportion by weight of extender for said polymer; and 

)crS°in'ked^iliconised%lymer.said Silicon-based polymerbei^^ 
polymer, said organic polymer and said silicon-based polymer together comprising less than about 35^ by weight 
of said composition. 

Quality and durability are important factors in the design of systems for providing electrical """"ff 3^,^"?; 
such systems utilized in the telecommunications and automotive industries. One criterion affecting J^^ quality of such 
connSs is the extent of effective electrical insulation surrounding the connection. Another important aitenon is the 
maimenreothec^^^^^^ 

.5 Tsrerrespects. For example, the "noise", "static" and "cross-talk" which frequently plague t^'ecom-^^^f 
^ e-^rie sometimes caused by signal leakage due to moisture at the connection ^'^-"^''ZTLc^nn^^^^ 
the obvious disadvantage of fostering corrosion and thus negatively impacting on the durability of the oonn^^°^^ 

It is also desirable that electrical connections possess the ability to remain m a moisture free, non-con-osive envi- 
ronment when subjected to externally applied shock, vibration and temperature stresses 

While noise resistance, durability and moisture resistance in the face of environmental vana ions and °*^; ^^e^^^^^ 
is desirable in nearly all electrical connecting devices, there are also many commercial and.military apphcations which 
equ^Ltat elSri^l connections be repairij and/or modified in the field. It is highly desirable that -ch r^air an^/o 
Zrtication be accomplished in the shortest period of time, in an economically efficient fashion and with a rn.™ of 
InSnvenience to the field craftsperson or technician. In fact, such characteristics are also highly desirable from the 
35 c^tandnoint of the initial manufacture of the electrical connecting device. 

Tve^tSe^^^^^^^^^^^ prior art devices and the sealant compositions used therein possess the disadvantage of being 
time c^nsumi g and inconvenient to manufacture and repair. For example. US-A-3 897 129 is directed to an apparatajs 
or protecting electrical contact by covering the contacts with a grease filled container^ When ;«Pa;°;;«^^^^^^^^^ 
the connection requires reentry to the sealed contact, the container is removed rom the <=°"*^^=*- 
.0 however, grease remains coated on the contact. This grease must be removed before the ^^Pa'r and/or modrfica^^^^^^ 
be effeci^i, an undesirably messy and time-consuming task. Furthermore, the container must be refilled with grease 

'"°\u::T^Zn'o^^^^ contacts within a container by means of a two-part liquid composition. 

When miStog^ther. the two components react slowly to produce a hard, relatively inf '-ible mat^ij- ^«J-e;^3-"9;e- 

45 dients set the mixture is poured into the container where it cures in situ to form a hard, rigid plastic US-A-4 375 521 
and US-a'-4 102 716 discSe such devices. The procedure required by these devices however, solves t^^^^^^^^^^ 
undesirable requirement that the composition be prepared under the conditions existing at the field location^thereby 
Tefa^S and S^ing the quality of th'e repair and/or modrtication. Moreover. «ie physical charactenstcs of he cured 
material are such that access to the actual contact is inhibited. Additionally the chemical curing reaction controHoi 

so rt^rambient temperature, proceeding slowly or incompletely at low temperature and being inconvenientiy rapid at 

"'^""Siint have noted a failure of the prior art to provide devices and compositions which overcome the disadvan- 
tagefdic'red kbove while maintaining the stringent requirements of noise, moisture and temperature cycHng resrsj- 

anceandenvironmentalbenignityandstabi 
55 satisfy the long-demanded need for materials possessing this set Of desirable charactenstics. 

Cer^ain^rganlcpolymersareknowntoexhibituniquecom^^ 
composed of J>lymer chains comprised of at least two different types of polymeric units, in which sequences flocks) 
of onetypeofpolymericunitalternatewithsequencesof another type. If combinedwiththe^^^^^ 
L resuSng polymeric materials exhibit properties distinct and superior to those of each individual repeatng component. 
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For example, it is known that certain performance profiles such as heat resistance, thermoplasticity and elastomeric 
properties which are not attainable singly or in combination with homopolymers or even with random copolymers are 
attainable with such block copolymers or combinations thereof. 

US-A-3 265 765 describes thermoplastic elastomers comprising block copolymers of the A-B-A configuration. Each 
A block is a glassy or resinous non-elastomeric thermoplastic polymer sequence and each B block is an elastomeric 
polymer block of a conjugated diene having a glass transition temperature considerably below the glass transition tem- 
perature of block A. 

US-A-4 942 270 to Gamarra is said to be directed to providing heat resistant gels without the necessity of using 
electron beam radiation. The compositions of Gamarra are poly(styrene-ethylene-butylene-styrene) triblock copolymer- 
oil compositions. The compositions contain about 2 to about 30 parts by weight of a triblock copolymer and about 70 to 
about 98 parts by weight of a plasticizer. Polybutene oil and paraffinic/naphthenic oils or mixtures of these oils are 
disclosed as examples of plastlcizer. 

Preparation of the Gamarra compositions requires high temperature melt blending or high shear blending at lower 
temperatures The need for high temperature/high shear blending of the Gamarra compositions is an obvious disadvan- 
tage in the preparation of these compounds. Another significant disadvantage of the Gamarra compositions is that such 
compositions are described as being nonmeltable. That is. these compositions will degrade, decompose or break down 
in some manner before they reach a temperature at which the composition will melt and become pourable. This is a 
disadvantage in the manufacture of sealed electrical connectors because of limited process flexibility. Furthermore, the 
repair or replacement of sealed electrical connectors containing such compositions would also be hampered by such 
characteristics. 

Shell Chemical Company Technical Bulletin SC:759-85 provides technical information on KRATON G 1701 . adiblock 
copolymer This bulletin indicates that KRATON G 1701 is compatible with KRATON G 1652. a triblock copolymer, and 
that blends of the two polymers can be formulated to provide sealants with lower cohesive strength than KRATON G 
1 652 alone. The use of such materials In electrical connectors is not suggested nor is the means to provide permanently 
non-volatile formulations suggested. 

The use of KRATON G Rubbers in clear sealants is presented in a July 1987 Shell Chemical Company Technical 
Bulletin entitled "KRATON G Rubbers in Clear Sealants." This report indicates that diblock copolymers such as KRATON 
G 1 701 X provide a means to tailor the adhesion and cohesive strength of a sealant composition. The diblock copolymer 
KRATON G 1701x is also said to provide unique thixotropic characteristics to sealant compositions. The sealants dis- 
closed in this bulletin are intended to be used in sealing material such as glass, metal or wood from the effects of the 
environment. These clear sealants are said to adhere to a variety of substrates and may be painted if desired after the 
solvent components have evaporated. Means to provide 100% non-volatile compounds are not disclosed, such com- 
pounds being essential for sealing electrical connectors. 

The use of KRATON thermoplastic rubbers in oil gels is presented in Shell Chemical Company Technical Bulletin 
SC:1 102-89 of April 1989 entitled "KRATON Thermoplastic Rubbers in Oil Gels." This bulletin provides Information on 
the physical properties of KRATON G 1651 and KRATON G 1701x. The bulletin indicates that the KRATON G rubber 
compounds may be used In a blend with polyethylene wax and processing oil to use as a waterproof sealant for tele- 
communications cable. The need for temperature resistance. Insulation resistance and other qualities required for sealed 
electrical connectors are not discussed. 

Applicants have found that the deficiencies of the prior art can be overcome by sealant compositions which provide 
an unusual and difficult to obtain combination of properties. In particular, applicants have discovered elastomeric com- 
positions which are both slump and spew resistant while also being flowable over a moderately elevated temperature 
range. The term "flowable" is used to refer to the extrudabillty, Injectabllity or pourabillty of the compositions of the present 
invention. The term "moderately elevated temperature range" is used herein to refer to the range of temperatures extend- 
ing from about the melt or softening point of the compositions upward to about 200''C. It should be noted that the present 
compositions are preferably simultaneously slump and spew resistant and flowable through this moderately elevated 
temperature range. Applicants have found that such a combination of features Is highly beneficial from the standpoint 
of both manufacturing techniques and operability. The ability of the present sealant compositions to resist slumping and 
spewing at the upper end of its operating temperature range has obvious advantages In connecting devices adapted for 
elevated temperature service, such as is frequently required in automotive applications. However, It is thoroughly unex- 
pected that such a property is capable of coexisting in a sealant which also has the processing advantage of being 
flowable at such moderately elevated temperatures. Applicants have achieved this surprising result by providing com- 
positions having a carefully selected, synergistic combination of components. 

Because of the unique combination of properties described above, the present compositions are especially well 
suited to field repair of electrical connectors and connector housings. The resistance of the compositions to spewing 
and slumping means that the compositions remain in the connector even at the upper end of the operating temperature 
range. Surprisingly, however, and despite the excellent slump and spew resistance of the present compositions at mod- 
erately elevated temperatures, the present compositions are flowable at such temperatures. These properties advanta- 
geously permit, for example, the compositions to be injected by a syringe or similar apparatus into sealed connectors 



through the wire entry/exit holes of the connectors. The injectability of the present compositions eliminates the need to 
open a connector to add new material as required in many prior art sealant compositions. 

The preferred compositions also have an ability to bond, seal and insulate electrical contacts arxl connector hous- 
ings, while simultaneously having a highly desirable balance of cohesive strength and adhesive strength. Electncai 
5 connectors containing such materials offer the possibility of being both effective and reusable. 

Applicants have found that the adhesive strength of the preferred compositions provides a strong temperature and 
water-resistant seal while the cohesive strength thereof ensures that the composition will remain in the connector when 
terminated wires or test probes are removed. Furthermore, the substantial elastic memory and self-bonding of the pre- 
ferred compositions result in substantially no voids being left in a mass of the composition when the wire or test probe 
10 is removed- Thus, applicants have discovered compositions and connectors which eliminate or substantially reduce the 
problems and disadvantages associated with the above-noted prior art materials and devices. 

The present compositions preferably comprise a minor proportion by weight of elastomeric thermoplastic polymer 
and a major proportion by weight of extender for the polymer. 

One important aspect of certain embodiments of the present compositions resides in the particular extender used. 
75 In particular, it is highly preferred that the extender comprise a primary extender for the elastomeric thermoplastic polymer 
and a secondary extender for the elastomeric thermoplastic polymer. It is especially preferred that the primary extender 
comprise a low solvency latent extender and that the secondary extender comprise a high solvency latent extender. 
These terms refer to the relative ability of the extenders to swell, plasticize and dissolve the polymer in certain useful 
temperature regimes. 

20 Another important aspect of certain embodiments of the present compositions resides in the particular thermoplastic 
elastomer used. Preferably the elastomeric thermoplastic polymer comprises a molecular composite of primary and 
secondary elastomeric thermoplastic polymers. For the purposes of convenience, the primary elastomeric thermoplastic 
polymers of the present compositions are sometimes referred to herein as "primary polymers" and the secondary ther- 
moplastic polymers are sometimes referred to herein as "secondary polymers." As the terms are used herein, "primary 
25 polymer" and "secondary polymer" are used in a relative sense. That is. these terms are used to identify polymeric 
materials having large differences in physical properties, and particularly polymeric materials having large differences 
in melt viscosity characteristics. In particular, the term "secondary polymer" is used to identify those polymers which 
contribute at least to the substantial elastic memory it is believed, by virtue of their high melt viscosity when plasticised 
by the extenders. It will be understood that melt viscosity is directly dependent on and related to about the relatively third 
30 power of the polymeric molecular weight which, it is believed, also critically determines the elastic memory "Elastic 
memory" denotes the ability of an artifact to return its original shape subsequent to the release of a deforming stress. 
The polymers' molecular weight and elastic memory are characterized preferably by measuring their melt viscosity at a 
concentration of 5% by wt. in an extender. KAYDOL Oil. at 300°F By so characterizing, the "secondary polymers" have 
melt viscosities at least about 50 times greater than the same property of the primary polymer. According to expecially 
35 preferred embodiments, this viscosity of the secondary polymer is at least about 100 times, and even more preferably 
about 200 times greater than the viscosity of the primary polymer. 

The primary polymers of the present compositions preferably contribute to at least the following desirable properties 
of the polymer composite: thermal insulation; electrical insulation; cohesive strength; adhesive strength; lubricating abil- 
ity ; resistance to temperature excursions and the ability to resist slump or spew while maintaining f lowability at moderately 
40 elevated temperatures. The secondary polymers of the present compositions preferably contribute to at least the sub- 
stantial elastic memory of the polymer composite. Although it is contemplated that the primary polymer may comprise 
a diblock and/or a triblock copolymer, in a preferred embodiment the primary polymer consists of diblock copolymer and 
the secondary polymer consists of a triblock copolymer. 

The relative proportions of the polymer and the extender are preferably selected to provide the composition with 
45 substantial elastic memory under ambient and moderately elevated temperatures. According to other preferred embod- 
iments, the compositions also possess: a high degree of resistance to penetration and permeation by aqueous media; 
melt processability; substantially no stratification and/or component separation during temperature cycling; an ability to 
bond to solid objects inserted into the composition; high cohesive strength; high adhesive strength to juxtaposed con- 
nector members; high electrical and thermal resistivity; high strain relief; high material inertness; lubricity and corrosion 
50 protection for associated connector members. 

The proportions of the components of the compositions may be modified so that the compositions may be utilized 
as primers for treating the inside of an electrical connector. 

Applicants have also discovered advantageous methods for preparing the present sealant compositions. The 
present methods preferably require mixing the organic elastomeric thermoplastic polymer and the extender under easily 
55 achieved time and temperature conditions sufficient to produce an at least partially gelled organic polymer/extender 
composition, as evidenced by a substantial increase in the viscosity of the mixture. The present methods offer substantial 
advantages over the methods required to prepare prior art compositions. For example, the amount of energy required 
to produce sealant compositions according to the present methods is small relative to prior art methods. This arises, at 
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least in part, from elimination of the requirement for lengthy high shear mixing and/or extremely elevated temperature 
processing required by the prior methods. 

A beneficial combination of properties is provided by compositions in which one precursor of the polymer composite 
comprises silicon-based polymer, and based more preferably cross-linkable or cross-linked silicon-based polymer. Appli- 

5 cants have found that compositions according to this aspect of the invention have an exceptional ability to resist tem- 
perature excursions from -30° to -i-80'*C and to prevent spewing or exudation of extender, even at high temperatures (to 
+80*'C) and even with extender concentrations of up to about 97 percent by weight of the composition. 

Applicants have also discovered advantageous methods for preparing compositions in which the precursor polymer 
is the preferred cross-linkable silicon-based polymer. The present methods preferably require first mixing the organic 

10 elastomeric thermoplastic polymer and the extender under time and temperature conditions sufficient to produce an at 
least partially gelled organic polymer/extender composition, as evidenced by a substantial increase in the viscosity of 
the mixture. The silicon-based polymer is then preferably added to the at least partially gelled mixture such that at east 
a portion, and preferably a substantial portion, of the silicon-based polymer is cross-linked in the presence of the gelled 
organic polymer/extender mixture. 

75 The present invention consists in an electrical connector as defined in claim 1 . 

EP-A-0 371 641 discloses gel compositions which can be used for sealing junction boxes and comprising a styrene- 
alkylene block copolymer and at least 500 parts of extender liquid per 100 parts of the copolymer. The extender liquid 
is a substantially non-aromatic paraff in/naphthene and the compositions contains a tackif ier. 

There are disclosed herein moisture and temperature resistant electrical connectors for sealingly connecting trans- 

20 mission means, which connectors include a connector body having a receiving means for accepting and receiving a 
transmission means and a sealant composition disposed along or adjacent to the receiving means. The connectors also 
include means for inhibiting unwanted removal of the sealant composition from the connector body The removal-inhib- 
iting means also comprises means for wiping sealant from solid objects, such as said transmission means, upon removal 
of said objects from said connector body. The sealant composition is disposed along or adjacent to the receiving means 

25 of the connector body comprises a sealant composition according to the present invention. Due in large part to the 
beneficial characteristics and properties of the present sealants, such connectors provide a highly moisture and tem- 
perature resistant, readily repairable and/or modifiable electrical connection. 

Methods for using the present sealants to establish a moisture resistant, readily repairable connection are also 
disclosed herein. 

30 Embodiments of the present invention will now be described by way of example with reference to the accompanying 
drawings, in which:- 

FIG. 1 is a perspective view partially exploded showing an array of silo-type rotary insulation displacement electrical 
connectors; 

35 FIG. 2 is a perspective view of a connector body; 

FIG. 3 is a partially cut away perspective view similar to that of FIG. 2; 

FIG. 4 is a side view of the connector body; 

FIG. 5 is a top view of the connector body; 

FIG. 6 is a back view of the connector body; 
40 FIG. 7 is a stamped blank prior to being rolled into a connector body; 

FIG. 8 is a perspective view of the terminating cap; 

FIG. 9 is a perspective view of the terminating cap showing an embodiment including wiping means; 
FIG. 10 is a top view of the terminating cap; 
FIG. 1 1 is a side view of the terminating cap; 
45 FIG. 1 2 is a bottom view of the terminating cap; 

FIG. 13 is a longitudinal sectional perspective view of an uncrimped ferrule type pre-insulated crimpabie insulation 

displacement connector having sealant therein; 

FIG. 14 is a cross-sectional view taken along line 14-14 of FIG. 13. and 

FIG. 15 is a view similar to FIG. 14 but showing the positions of the sealant and the parts after crimping. 

50 

THE COftflPOSITIONS 

The present invention provides sealant compositions requiring two essential components: elastomeric thermoplastic 
polymer, preferably an organic polymer composite comprising diblock and triblock copolymers, arxJ extender for the 
55 polymer. 

An important aspect of several embodiments of the present invention is the requirement of certain embodiments 
that the extender comprise a primary and secondary extender. Applicants have found that the secondary extender pref- 
erably comprises, and more preferably consists of, a high solvency latent extender. As the term is used herein, "high 
solvency latent extender" refers to an extender which has substantially no capacity to form a functional solution or gel 
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of the elastomeric thermoplastic polymer at temperatures below about 40*C while exhibiting a substantial swelling and 
dissolving capacity at temperatures above about SO^'C. It is preferred that the primary extender comprise, and preferably 
consist of. a low solvency latent extender. As the term is used herein, a "low solvency latent extender" refers to an 
extender which has no substantial capacity to form a functional solution or gel of the elastomeric thermoplastic polymer 

5 of the present invention below about 80°C and has substantial dissolving capability only at tennperatures above about 
1 25**C- It should be understood that this dissolving capability resides in the ability to solvate the polymer molecules and 
is also manifested in the relative plastidzing capability of the extenders. 

Another important aspect is the requirement of certain emtxxJiments that the elastomeric. thermoplastic polymer 
comprise a composite of primary polymer arKl secondary polymer. The term "polymer molecular composite" is used 

10 herein to designate polymer compositions comprising two or more polymeric compounds, preferably two or more poly- 
meric compounds mixed together in intertwined domains or in interspersed domains. Thus, the term "polymer molecular 
composite" includes within its scope simple microscopically and sub-microscopically cellular mixtures of two or more 
polymers, interpenetrating polymer networks, graft copolymers, block copolymers and combinations of these. It is con- 
templated that one or more of the above-noted polymeric configurations may be included in the structure of the present 

15 polymer molecular composites. 

Importantly and desirably the physical characteristics of the present compositions vary according to. among other 
conditions, the temperature of the composition. As will be understood by those skilled in the art, sealant compositions 
must be operative over definite time and temperature service ranges. That is, it is generally required that the sealant 
compositions maintain important specified characteristics substantially over an entire range of expected operating tem- 

20 peratures. Two such characteristics are that the compositions must be slump and spew resistant, even at the relatively 
high end of the operating temperature range. In order to maintain these characteristics at high temperatures, many prior 
art sealants were stiff or rigid and difficult to process because of their high content of extender retaining components. 
Applicants have discovered, however, that the sealants of the present embodiments are capable of being flowable and 
thus easily processed at moderately elevated temperatures without sacrificing the operating requirements of the sealant. 

25 Unless otherwise specifically indicated, the term "flowable" refers to the ability of the compositions to become fluent or 
viscid upon the application of shear stress or pressure. 

As reported herein, the f lowability of the present sealants is measured by exposing about 50 grams of the sealant 
in the cylindrical chamber of a standard hot melt gun to an extrusion pressure of about 30 psi at about 163°C for about 
3 seconds arid measuring the weight of sealant extruded from the gun. For purposes of defining flow conditions, the 

30 extrusion pressure is used as an expression of shear stress. The f lowability measurements presented herein are obtained 
using a hot-melt extrusion gun available from Fastening Technology, Inc. of Charlotte, NC sold under the trade name 
"PAM-Model 500-E." Such a gun is provided with a 0.048 inch inside diameter type B nozzle. Such a nozzle is available 
from AMP Incorporated as Part Number 91 H1 95. 

Although the amount of flow may vary widely within the scope of the present invention, it is generally preferred that 

35 the present compositions exhibit at least about 0. 1 g per 3 sec. (2 g/min.), and even more preferably at least about 0.5 
g per 3 sec. (10 g/min.) of flow at about 160*'C. 

As reported herein, the spew resistance (oil retention/extender retention) of a sealant is measured according the 
protocol expressed in Federal Specification #321 . 1 . Generally, measurement of spew resistance comprises loading the 
defined weight of sealant into a conical container having walls consisting of a stainless steel mesh as specified according 

40 to the federal standards. The amount of material which migrates from the conical container after the specified time period 
at the specified temperature is a measure of the ability of the present sealants to resist spewing or exudation of the 
extender portions thereof. The spew resistance is reported herein as percent extender retention and is determined by 
dividing the sealant weight contained in the conical container after the test by the weight of sealant at the start of the 
test. Although the amount of spew resistance may vary widely within the scope of the present invention, it is generally 

45 preferred that the present compositions exhibit a spew resistance of at least about 99% extender retention at about 
80°C, and even more preferably at least about 99.5% at about SO^C. 

As reported herein, slump resistance is measured by a modified version of ASTM Test Method D2202. In general, 
the unmodified ASTM Test D2202 requires formation of a cylindrical cavity in a metal sheet or slab by withdrawing a 
mating cylindrical body or piston from the slab. This cavity is then filled with the material to be measured. According to 

50 the unmodified version of the test method, the slab is placed in a vertical position, and the piston is then driven forward 
to occupy one-half of the original cavity space, thus causing about one-half of the original test material volume to be 
displaced past the surface of the slab. Upon heating to the test temperature, the amount of downward droop or movement 
of the di^laced material is measured. According to the modification utilized herein, the piston is driven forward to occupy 
all of the original cavity volume such that face of the piston is flush with the surface of the slab. As a result, the entire 

55 body of sealant is displaced from the cavity. In this way the modified ASTM Test D2202 measures not only the slump 
resistance of the sealant material, but also its adhesive properties. Although the amount off slump resistance may also 
vary widely within the scope of the present invention, it is generally preferred that the present compositions exhibit a 
slump resistance of less than about 0.5 in. of slump, and even more preferably less than about 0.2 in. of slump at about 
80*C. 
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Although the operating temperature range of any particular sealant will depend upon numerous factors regarding 
the expected application, the present sealant compositions preferably have an operating temperature range of from 
about -40°C to about 125*»C. At relatively low temperatures, for example, from about -20°C to about +80°C. the present 
compositions are preferably especially soft, tacky and rubbery At relatively elevated temperatures, for example above 
about 125^C to about 150*'C. the compositions are flowable while substantially resisting spew and slump, thus enabling 
the material to be more easily handled during the process of incorporating the sealant into the connector. 

For temperatures of from about -40**C to about +80°C. the present compositions preferably exhibit an elastic memory 
of at least about 1 00 to 1 50%. and even more preferably at least about 200 to 300%. As the term is used herein, elastic 
memory refers to the ability of a composition to return to about its original configuration after being subjected to the 
designated extent of elongation. The high degree of elastic memory exhibited by the present compositions provides 
sealants with a highly advantageous "self-repairing" property. That is. the present sealants will deform to accommodate 
stress exerted by. for example, the insertion of an electrical wire into a mass of the sealant. Upon removal of the wire 
and hence the accompanying stress, the exceptional elastic memory of the present compositions causes the mass of 
sealant to return to substantially its original shape and thereby to substantially fill the void resulting from the removal of 
the wire. This self-repairing quality of the present sealants is one important aspect of the present invention. Another 
important aspect is the ability to self-heal while self-repairing. In addition, the sealants of the present embodiments 
maintain their bond with and move with the wires when flexed functionally maintaining the integrity of the seal. 

For temperatures of from about -40^C to about +80'*C. the present compositions preferably have an adhesive 
strength of from about 2 g to about 12 g. and even more preferably of from about 5 g to about 12 g. Applicants have 
found that the adhesive strength of the present sealant compositions is related to the ability of the compositions to provide 
a sealed electrical connection, and that the use of high adhesive strength compositions will generally produce high 
quality electrically insulated connections. As the term is used herein, "adhesive strength" refers to the amount of force, 
as measured by gram weight under standard gravity conditions, required to remove an 1 8^2 gauge PVC covered electrical 
wire from a mass of sealant contained in a standard terminal block silo. The measurement of adhesive strength is 
preferably made by inserting about ^4 inch of the PVC covered wire into the sealant-filled terminal block silo and meas- 
uring the amount of force required to remove same. As used herein, the term "standard terminal block silo" refers to a 
substantially cylindrical connector housing having a height of about 1 1 mm. an inner diameter of about 14 mm, and a 
free volume of about 1 .6 ml. with a substantially circular access opening of about 5 mm diameter in a sidewall thereof. 

The excellent ability of the present compositions to effectively seal electrical connections is also due, at least in part, 
to the combination of high elastic memory and high adhesive strength exhibited by the compositions disclosed herein. 
In particular, the high wetting and conformability and elastic memory of the present compositions result in a material 
which strongly captivates objects, such as electrical wires, inserted into a mass thereof. This feature, along with the high 
insulation resistance and the strong tendency of the present compositions to adhere to such objects, produce an effective 
and long-lived isolation of the electrical connections from the surrounding environment. 

The present compositions also preferably have a high cohesive strength. For the purposes of convenience and 
illustration, cohesive strength is measured herein by determining the gram weight of sealant which is removed from a 
standard connector silo when an I8V2 gauge PVC covered steel electrical wire is removed from a mass of sealant 
contained in a standard terminal block silo. The measurement of cohesive strength is preferably made by inserting about 
1/4 inch of the PVC covered wire into a standard sealant-filled terminal block silo and measuring the amount of sealant 
which is removed from the silo when the wire is removed. The cohesive strength is therefore used herein to refer to the 
tendency of sealant to remain as a unit mass in the connector silo when the I8V2 gauge PVC covered electrical wire is 
withdrawn, as will typically occur during repair and/or replacement of electrical connectors. For temperatures of from 
about -40''C to about +80*C. the present compositions preferably have a cohesive strength as measured by sealant 
removal of no greater than about 0.2 g. and even more preferably no greater than about 0.04 g. 

Another important aspect of certain embodiments of the present invention resides in sealant compositions having 
both high adhesive strength and high cohesive strength. In particular, it will be generally understood by those skilled in 
the art that a sealant composition possessing one but not the other of these characteristics will not fully satisfy the objects 
of the present invention. For example, the use in an electrical connector of a sealant which is high in adhesive strength 
but low in cohesive strength will result in a large amount of sealant being withdrawn from the connection site during 
repair or replacement of the connection. On the other hand, the use in an electrical connector of a sealant which pos- 
sesses high cohesive strength but low adhesion properties will likely produce a poor quality electrical connection seal. 
Accordingly, the present sealant compositions preferably have an adhesive strength of from about 2 g to about 1 2 g and 
a cohesive strength as measured by removal weight of from about 0 g to about 0.2 g at temperatures of about -40°C to 
about +80^C. Even more preferably, the present compositions have an adhesive strength of from about 5 g to about 12 
g and a cohesive strength of from about 0 g to about 0.02 g at temperatures of from bout -30^C to about +60°C. 

Although applicants do not wish to be necessarily bound by or limited to any particular theory, it is believed that the 
ability of the preferred compositions to exhibit the above-noted combination of beneficial properties is due. at least in 
part, to the physical and chemical relationship between the components of the present composition. In particular, the 
combination of an elastomeric thermoplastic polymer and an extender according to the present invention is believed to 
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contribute to the beneficial properties of the compositions. For exanple, it is contemplated that the mixture of the diblock 
and triblock elastomeric thermoplastic polymers according to preferred embodiments comprises an interpenetrating 
polymer network (IPN). It is believed that the presence of such a polymer network, especially in the presence of optional 
inorganic gelants. maintains the exterder portion of the present compositions in a highly stable dispersed, colloidal, 
gelled and/or networked (reticulated) or fused state in which exudation or spewing of the extender is strongly inhibited' 
In addition, it is believed that such a configuration contributes to the high cohesive strength of the present compositions. 

In certain embodiments of the present invention, the extender hereof may itself include polymer components, as 
explained more fully hereinafter. It is contemplated that in such embodiments, the extender may participate in and be 
part of the IPN of the present invention, thereby further enhancing the adhesive strength and exudation resistance of 
the present compositions. 

As those skilled in the art are aware, interpenetrating polymer networks (IPNs) are a spedal class of polymer molec- 
ular blends in which two or more polymers exist in a highly networked structure. As the term is used herein, interpene- 
trating polymer network refers to true IPNs. apparent IPNs. semi-IPNs. and combinations and hybrids of these. As the 
term is used herein, a "true IPN" refers to those polymer network domains in which two or more polymer systems are 
crosslinked within their own domains but not to each other. In true IPN's, the distinct polymer systems form crosslinked 
network domains that interpenetrate each other. As the term is used herein, a semi- IPN refers to those polymer networks 
in which one polymer system exists in an uncrossllnked state but interpenetrates a second polymer system which is 
crosslinked and has its own domain. 

The term "physical IPN" as used herein refers to co-continuous interpenetrating phases in which none of the poly- 
mers is chemically crosslinked but which is nevertheless stabilized by physical polymer crosslinks which may be provided, 
for example, by the styrene end blocks of styrene-ethylene-butylene-styrene block copolymers. As explained more fully 
hereinafter, it is believed that the preferred polymer composites of the present embodiments are believed to comprise 
a polymer network structure having characteristics of a physical IPN. Additionally the preferred polymer composite 
properties may be enhanced by inorganic network formers such as "fumed" silica, i.e. amorphous silica with particle 
sizes as defined by surface areas of about 100 to 300 sq.m./g. 

It is contemplated that the preferred IPNs of the present embodiments may be formed using a variety of techniques- 
While the mechanisms which create the observed properties and characteristics'of the present compositions are 
not to be construed as fully explained by present technology it is believed that the preferred embodiments of the present 
invention comprise compositions in the form of a thermally reversible polymeric gel state, In particular, the present 
compositions exhibit characteristics which are sometimes associated with thermally reversible polymeric gels. For exam- 
ple, reversible polymeric gels are elastomeric and non-f lowable under certain conditions but are converted to a liquid- 
like, flowable state when the condition of the gel is altered, for example, by increasing temperature. Thus, it is believed 
that the present compositions, especially when the components are in the preferred ranges described below, are in the 
form of a reversible polymeric gel in which the extender is contained as a colloidal dispersion or solution of liquid in a 
polymer composite comprising effectively i.e. functionally crosslinked thermoplastic elastomer and other polymers. 

A. Elastomeric Thermoplastic Polymer 

As the term is used herein, "organic thermoplastic elastomers" are those organic polymers which possess, or which 
may be plasticized to possess, elastomeric properties under a first set of temperature conditions and which are flowable 
under a second set of temperature conditions. It is generally preferred that the present elastoplastic polymers are elas- 
tomeric at temperatures of from about -40*'C to at least about +150''C. and that the polymers become flowable yet 
thermally stable at temperatures of from about +150''C to at least about +200*»C in their neat uncompounded state. It is 
generally preferred that at ambient temperatures the thermoplastic elastomer used in the present polymer composites 
is sufficiently rigid to retain its general shape and dimension and sufficiently flexible to exhibit substantial recovery upon 
stretching. As used herein, the term "organic polymer" refers to polymeric materials in which at least a portion of the 
polymer backbone is comprised of carbon atoms. 

According to specially preferred embodiments, the elastomeric thermoplastic polymer comprises a composite of a 
primary polymer and a secondary polymer. While it is contemplated that all such composites are adaptable for use 
according to the present invention, composites compn sing^BbXsjga ' mixture of block cop olymers has been found to 
...bej^edalliMJsef ul and is preferred^lt is even more preferred thatlhe present compositions compriseaiTelastdWri™ 
thermoplastic polymer-composite.in-the form of a physical IPN comprising block copolymers, and even more preferably 
comprising diblock and triblock copolymers. 

It is also contemplated that the relative proportions of primary and secondary polymers may vary over a wide range 
within the scope of the invention. Such variation will depend, for example, on the particular type of connector in which 
the sealant composition will be used and the contemplated operating environment for the connector. In general, however, 
applicants have found that the elastomeric thermoplastic polymer of the present invention preferably comprises a physical 
IPN, and even more preferably an IPN comprising a major proportion by weight of primary polymer and a minor proportion 
by weight of secondary polymer. It is especially preferred that the weight ratio of secondary polymer to primary polymer 
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be smaller than about 1 :5, and more preferably no greater than about 1:10. Applications have also found that it is generally 
highly desirable for the present polymer composites to comprise at least 0.4% by weight of secondary polymer. Accord- 
ingly, the polymer composites of the present Invention preferably have a secondary polymer primary polymer weight 
ratio of no smaller than about 1 :20. Without intending to be bound by or limited to any particular theory, it is believed 

5 that compositions containing smaller than the above-noted polymer ratio will not possess certain of the desirable and 
beneficial properties exhibited by the present compositions. For example, the ability of the sealant compositions to remain 
within the connector during normal operating conditions have been found to deteriorate in certain embodiments when 
the above-noted lower limit of secondary polymer is not satisfied. 

Numerous block copolymers exhibiting^[astoplastic properties are known, readily available and within Jh broad^ 

1 0 scopie^f the-preserrtinventiSfTTlTeHod^ polymer composites preferably contafn at least ' 

one elastomeric block and one non-elastomeric block. Such block copolymers are referred to generally as A-B diblock 
copolymers wherein A represents a block of non-elastomeric polymer and B represents a block of elastomeric polymer 
connected thereto. As the terms are used herein, a block of elastomeric polymer refers to a polymer which can be 
stretched at about room temperature to at least twice Its original length and, after having been stretched and the stress 

75 removed, returns with force to approximately its original length in a short time period. In contrast, non-elastomeric blocks 
do not exhibit this characteristic. 

Jh eelastooi e cicB^blockso f the present block copolymers are preferably selected from the group consisting of non- 
aromatic polyolef ins, polyesters.^polyethers and combinations of these, with non-aromatic polyolefins being preferred. 
Polyolefins formed from conjugated"aienes. such as butadiene and isoprene. and the partially or fully hydrogenated 

20 forms thereof and polyolefins formed from propylene, ethylene, butene and combinations thereof, are especially pre- 
ferred. It is contemplated that block copolymers having a large variety of chemical constitutions are adaptable for use 
according to the present invention, since the elastoplastic characteristics are believed not to depend on any specific 
chemical constitution, but rather upon the polymeric architecture of each of the polymer blocks. Thus, block copolymers 
having linear, radial or branch structures are generally within the scope of the present invention. 

25 The non-elastomeric A bl ocks are preferably selected from the group consisting of poly (alkenyl arenes) . poly- 
u rethanes a nd combinations of tfTese. with poly , (alkenyl arenes) being preferred. The non-elastomeric A blocks may 
comprise homopolymers or copolymers but preferably are homopolymers prepared from alkenyl arenes. such as styrene, 
methyl styrene, vinyl xylene, ethylene vinyl xylene, isopropyl styrene, vinyl naphthalene and the like, with monoalkenyl 
monocyclic arenes, such as styrenes, being preferred. 

30 Especially preferred block copolymers are diblock and triblock copolymers. The diblock copolymers have the general 
configuration A-B with about one A block for each B block, and the triblock copolymers have the general configuration 
A-B-A wherein the polymer predominantly contains A blocks at the end of each B block. It is es pecially preferred that 
each A block is "ha rd" cry sta|l[n _g,^s.er3Qi^.y^ allinej)r sgQ^ient, such as polystyrene anc nhatf ' 

B is a "soft" elastomeric polymer mid-block segment, preferably comprised of a non-aromatic polyolef in, sucfTas poly- 

35 etnyiene, polypropylene, f^lyButylene and/or combinations of these. The non-aromatic polyolefin segments of such 
diblock and triblock copolymers are generally poorly compatible with the "hard" end-block and form a microscopic two- 
phase morphology consisting of domains of glassy end blocks interconnected by flexible mid-block chains. The physical 
elastomeric network structure of such diblock and triblock copolymers is reversible, and heating the polymer above the 
end-block glass transition temperature will temporarily disrupt the structure, which can be restored by lowering the tem- 

40 perature. 

Triblock copolymers as described herein can be prepared according to a number of well-known techniques, including 
^ the methods described in US-A-3 485 787 which is incorporated herein by reference. 

It is contemplated that the elastomeric thermoplastic polymer may also comprise thermoplastic polyu^ethane ejas- 
tomers and thermoplastic pol vester/polyether elastomers. In general, such polyurethaneVar^^ 
45 from the chemical reactions of isocyanat^Hsoc^raf es commonly used in the formatioh of polyurethanes are t oluene 
^ diiscxi^lTaterdi pRe^ra 
^^^d enyed frp jit,thexondensation.Qf.^aniiine>.w 

tomers ai:e_alternatinq block copolymers having segments of the "hard ," highly poj^^o^cryst^lizin^ 
^polyijr gthane, ^li^^^ 
50 ^temperatures. 

The pres'eht compositions preferably comprise a minor proportion by weight of organic thermoplastic elastomer. It 
is especially preferred that the sealants comprise less than about twenty percent, and even more preferably less than 
about ten percent, by weight of organic thermoplastic elastomer. 

55 8. The Extender 

Applicants have found that the extenders of the present embodiments impart highly beneficial and advantageous 
characteristics to the sealant compositions and to the methods by which such compositions are prepared. In particular. 
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extenders comprising a combination of both primary and secondary extenders and contribute to the surprising and 
unexpected rheological properties of the present compositions. 

For the purposes of convenience but not by way of limitation, the extenders can generally be classified as either 
primary or secondary exterxJer. When the polymer-to-extender attraction is strong, the extender has high compatibility 
with and high solvency for the thermoplastic elastomer and is said to be a secondary extender. Where the polymer-to- 
extender attraction is relatively weak, the extender is of the primary type. Primary extenders function as spacers between 
polymer chains but. according to prior processes, could not generally be used exclusively of secondary extenders 
because of limited compatibility. This lack of compatibility was frequently man'rfested in prior materials by a tendency of 
the extender to exude or spew from the composition under conditions of elevated, cyclical temperature and/or stress. 

In the present compositions, however, the tendency of the extender to exude or spew is greatiy reduced or eliminated. 
Applicants believe tiiat this advantage is provided, at least in part, by the IPN type structure of the preferred polymer 
composites of the present invention. In addition to the benefits provided by the elastomeric thermoplastic polymer, the 
present compositions also benefit from the use of the preferred secondary extenders. In particular, applicants have found 
that it is highly preferred for the secondary extenders to comprise high solvency latent extenders. The incorporation of 
such high solvency latent extenders in the present connpositions provides the advantageous properties associated with 
primary extenders without the disadvantages typically encountered by the use of such extenders in prior art composrttons. 
In particular, applicants have found that tiie high temperature solvating power of high solvency latent extenders tends 
to reduce spewing or extruding associated with other primary extenders. Moreover, the increased high temperature 
solubility is also believed to enhance the flowability of the compositions at increased temperatures and to enhance the 
formation of the gel network structure. On the other hand, the lack of solubility at relatively low temperatures allows the 
extender material to be maintained in a gel-type matrix without detracting from the elastomeric properties of the sealant. 
In addition, the low solvency latent extender is beneficial in that it tends to reduce the stiffness and increase the softness 
of the composition under conditions of use. Moreover, the presence of the low solvency latent extender in the composition 
contributes to the ability of the preferred compositions to "wet-out" artd to be affined to the components of tiie electrical 
connectors, thereby providing excellent sealing properties. 

In general, the extender generally performs one or more of several functions, and accordingly a large number of 
available extenders may be utilized, provided the requirements described herein are satisfied. For example, particular 
extenders may be chosen to increase or decrease the workability, flexibility and/or distensibility of the thermoplastic 
elastomers, depending upon the particular application. As is well known to those skilled in the art. extenders are generally 
high boiling, chemically and thermally stable organic liquids, low-melting solids or semi-solids. 

The extender is preferably present in a large weight percentage of the composition in order to reduce the overall 
cost of the compositions without negatively affecting the beneficial properties thereof. With the guidance provided herein, 
it is expected that one skilled in the art will be capable of selecting the extender needed for any particular application 
without undue experimentation. 

An important aspect of the extender resides in the ability of the extender to f luidize. solvate, gel and/or fuse with the 
thermoplastic elastomer and/or the inorganic cross-linked polymer. In this regard, it is believed that the extenders achieve 
the desired result through external plasticization of tiie present compositions. That is, it is believed that the present 
extenders interact primarily physically and not chemically with the components of the above described polymer composite 
to reduce the mutual attractive forces between polymer chains in the sealant compositions. Accordingly while the com- 
positions may include a certain amount of internal plasticization. such as. for example, copolymerization of the extender 
with the polymer blend, this is not believed to be necessary or desirable for operation 

Thus, the extenders preferably serve to aid in the processing characteristics of the present compositions to impart 
flexibility, elongation and toughness to the compositions without reacting chemically therewith. It is generally preferred 
that the present extenders are relatively viscous materials having a pour point of about 0**C or less, and even more 
preferably from about -30**C to about 0**C. 

It is contemplated that numerous known and available materials may be used as primary and secondary extenders. 
The particular primary and secondary extenders selected will depend upon factors such as expected conditions of use, 
expense and other components in the composition. It is contemplated that those skilled in the art will be able to select 
appropriate primary and secondary extenders for any particular application in view of the information provided herein. 
For compositions in which the elastomeric thermoplastic polymer comprises a combination of diblock and triblock copol- 
ymer, it is preferred that the secondary extender be selected from the group consisting of naphthenic oils, white oils and 
terpenoid hydrocarbons and that the primary extender be selected from the group consisting of polybutadiene, poly- 
butene, polybutylene, hydrocarbon resins, atactic polypropylene, branched polyethylene and low molecular weight sty- 
renic polymers The extenders may comprise numerous and varied combinations of particular extenders provided that 
the requirements described above are satisfied. 

The extender is preferably selected from the group comprising one or more of the following: aliphatic hydrocarbons, 
such as aliphatic mineral oil; aromatic hydrocarbons, such as aromatic mineral oil; C1 - C6 non-aromatic polyolefins, 
such as polybutene; ester compounds, such as monomeric phthalate esters, dibasic acid esters, trimellitates, phosphate 
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esters and polyesters; glycol benzoates: citrates; isophthalates; chlorinated hydrocarbons; sebacates and mixtures and 
combinations of the these. 

Applicants have found that compositions with highly preferred properties are obtained when the primary extender 
comprises, preferably in major proportion. C1 - C4 polyolefin, with C4 polyolefin being preferred and polybutene and 

5 polybutadiene even more preferred and poiyisobutene being even still more preferred- Applicants have found that primary 
extenders comprising such polyolef ins. especially primary extenders comprising at least about 90 percent by weight of 
low molecular weight highly paraffinic polybutenes and polyisobutylenes. are capable of enhancing the adhesive prop- 
erties of the sealant, thus contributing to the ability of the composition to seal electrical contacts from corrosive environ- 
ments. Such materials are available from Amoco Chemical under the trademark INDOPOL H-1 00 and from Exxon under 

10 the trademark VISTANEX LM-MS. With respect to polybutene and polyisobutylene extenders, the term low molecular 
weight is used herein to refer to such materials having a viscosity average molecular weight (Staudinger) of about 8700 
to about 1 1 700. Molecular weights of from about 8700 to about 1 0000 are especially preferred for applications requiring 
strong adhesion strength. It is also preferred that the C1 - C4 polyolefins have a pour point of about 32°F or less, and 
even more preferably from about S'^F to about 32** F Such a polybutene extender is available from Amoco under the 

15 designation INDOPOL H-1 00. 

According to preferred embodiments of the present invention, the secondary extender comprises mineral oil. Without 
being bound by or limited to any particular theory, it is believed that the presence of mineral oil as the secondary extender 
contributes to the wetting ability of the composition. The mineral oils of the present invention are preferably relatively 
high viscosity mineral oils having an SUS at lOO^'F of from about 300 to about 600. a specific gravity at about 25**C of 

20 about 0.85 to about 0.89. and a pour point of from about -25°C to about O^C. A preferred material is available from the 
Sonneborn Company, a division of Witco Corp., under the designation KAYDOL. Mineral oil sold under the trade name 
BRITOL 55Tfrom Malcolm Nicol & Co., Inc., Lindhurst, New Jersey, is also a preferred mineral oil for use in the extender 
of the present invention. 

Applicants have found that compositions with highly preferred properties are obtained when the extender comprises, 

25 preferably in major proportion, a mixture of secondary and primary extenders, and particularly a mixture of secondary 
extender comprising aliphatic hydrocarbon and a primary extender comprising C4 polyolefin. with mineral oil being the 
preferred hydrocarbon and poiyisobutene being the preferred C4 polyolefin. Applicants have found that extenders com- 
prising such mixtures, especially extenders comprising at least about 85 percent by weight of such mixtures, are capable 
of at once providing thermoplastic elastomers with an excellent ability to wet out objects brought into contact with the 

30 composition, excellent adhesive strength and excellent cohesive strength. Without being bound by or limited to any 
particular theory, it is believed that the presence of the secondary extender mineral oil in the extender mixture contributes 
to the wetting ability of the composition while the primary extender poiyisobutene contributes to the adhesive and cohe- 
sive strength. It is preferred that the extenders have a primary :secondary polyolefin weight ratio of from about 20:80 to 
about 70:30, with about 40:60 to about 60:40 being even more preferred. These ratios are also preferred for extenders 

35 in which the primary extender is a low solvency latent extender and the secondary extender is a high solvency latent 
extender According to a preferred embodiment of the present invention, the extender comprises about 45 parts by 
weight of mineral oil and about 45 parts by weight of poiyisobutene. 

It is contemplated that the amount of extender used can vary widely, depending upon such factors as the expected 
use of the composition, the characteristics of the elastomeric thermoplastic, and the like. An important advantage of the 

40 present compositions, however, is the ability to incorporate very large concentrations of extender in the composition 
without negatively affecting the beneficial properties thereof. Thus, it is highly preferred that the extender ipolymer com- 
posite weight ratio of the composition is from about 99.5:0.5 to about 85:1 5, and even more preferably from about 93:7 
to about 88: 1 2. For the purposes of determining this ratio, the composite weight is the weight of the diblock and triblock 
organic thermoplastic elastomeric polymers together. 

45 

C. other Components 

It is contemplated that the present sealant compositions may include other components which provide other desir- 
able properties to the sealant composition without detracting from the beneficial characteristics mentioned above. 

50 It is contemplated that corrosion inhibitors, preferably minor amounts thereof, may be included in the present sealant 
compositions to enhance the integrity of the connection. Such inhibitors are available in wide variety of types and grades 
and from a wide variety of sources, and all such inhibitors are within the scope of the present invention. High molecular 
weight synthetic barium sulfonate is a corrosion-inhibiting material available under the trade name NA-SUL BSN from 
the R. T. Vanderbilt Company in Norwalk, Connecticut. Chemisorption components, preferably benzotriazole, are avail- 

55 able from PMC Incorporated under the trade designation COBRATEC 99 and may be incorporated in minor amounts in 
the present compositions. 

Antioxidants and thermal stabilizers may also be incorporated, preferably in minor amounts, in the present sealing 
compositions. Preferred antioxidant/thermal stabilizers are hydroxy hydrocinnamate based compounds available from 
Ciba-Geigy Corporation, Hawthorne, New York, under the trade designation, IRGANOX, as described in Ciba-Geigy 
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bulletin "IRGANOX®1010, Antioxidant and Thermal Stabilizer" (1990). A mixture of IRGANOX 1010 and IRGANOX 1035 
is preferred- Other antioxidants are available from the American Cyanamid Company, Wayne. New Jersey, under the 
trade designation "CYANOX/ Particularly preferred CYANOX compounds are CYANOX 1790 and CYANOX LTDR 

The present compositions may also contain light and heat stabilizing components, preferably in minor amounts. 
One such stabilizer is available from the American Cyanamid Company under the trade designation "CYASORB." Espe- 
cially preferred CYASORB materials are CYASORB UV3346. 

The present compositions may also contain minor amounts of fungicides and/or antimicrobials. Such materials are 
available from Morton International Specialty Chemicals Group. Danvers, MA. under the trade designation "VINYZENE" 
and from Calgon Corporation under the trade designation "METASOL TX-100." In certain preferred embodiments of the 
present invention, the sealant compositions may also include a thickening agent such a s silica and preferably fumed 
silica. Silica may also serve to act as a temperature stabilizing agent. Such materials are available as fully hydrophobized 
surface treated amorphous silicas from Cabot Corporation under the designations "CAB-O-SIL," such as "CAB-O-SIL 
TS-61 0" and "CAB-O-SIL TS-530" and from Degussa Corporation under the designation "AEROSIL R-974." Hydrophilic 
amorphous silicas are available from Cabot Corporation under the trade designation "CAB-O-SIL M-5" and from Degussa 
Corporation under the trade designation "AEROSIL 200." Incorporation of minor amounts, preferably less than about 
8% by weight, of silica into the present compositions tends to favorably control the rheology of the sealant and to enhance 
the cohesive strength thereof. 

The present compositions may optionally include a polymer composite which comprises a crosslinked polymer, 
preferably an inorganic crosslinked polymer, and even more preferably a crosslinked silicon-based polymer. As the term 
is used herein, inorganic polymer refers to polymers having inorganic elements making up at least a portion of the 
backbone of the polymer chain. With respect to the preferred silicon-based polymers of the present invention, silicon 
atoms contribute to the chemically inert and environmentally benign character of the polymer and are present either 
alone in the backbone or with atoms of oxygen, carbon, nitrogen, etc. in the backbone. Thus, the term silicon-based 
polymer is used herein to refer to a wide range of silicon containing polymers, including polysilanes, polysiloxanes, 
polysilalkylenes and polysilarylenes. with polysiloxanes being preferred, Siloxane polymers are commonly referred to 
as silicone polymers and will frequently be referred to herein as such. 

The siloxane type polymers preferably have the general structure shown below and may be prepared, for example, 
by ring opening polymerization of a trimer or a tetramer: 



30 



35 




40 



where Ri and R2 are the same or different and are H, OH. alkyi, alkenyl, aryl or aryl-alkyi and n is the degree of polym- 
erization. 

The preferred silicon-based polymer is at least partially crosslinked. A large variety of crosslinked silicon-based 
45 polymers and precursors therefor are available. For example, crosslinked silicon-based polymers may be formed by 
reacting functionally terminated siloxane polymer chains with a polyfunctional end linker. It is preferred that the 
crosslinked polymers comprise, preferably in major proportion, crosslinked silicone polymers formed by platinum cata- 
lyzed vinyl-addition reactions between hydride-and vinyl-functionalized silicone polymers. 

For compositions which contain the optional cross-linked inorganic silicon-based polymer, it is especially preferred 
50 that silicon-based polymer is crosslinked in the presence of the thermoplastic elastomer. As the term is used herein, a 
polymer crosslinked in the presence of another polymer refers to chemical crosslinking reactions in which the reactants 
are intimately intermixed with the other polymer or precursors for the other polymer as the reaction takes place. It is 
preferred that such intimate mixing during the crosslinking reaction results in the formation of an interpenetrating polymer 
network. 

55 According to certain embodiments, the present compositions preferably comprise a minor proportion by weight of 
inorganic crosslinked polymer. It is especially preferred that the sealants comprise less than about 35 percent, and even 
more preferably less than about 25 percent, by weight of inorganic crosslinked polymer. The organic thermoplastic 
elastomeric polymer and the inorganic crosslinked polymer may together comprise less than about 20 percent, and even 
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more preferably less than about 1 5 percent, by weight of the composition. Such embodiments are not only advantageous 
from an economic point of view, they possess surprisingly beneficial results. 

The details of the preferred methods for forming the polymer composites of the present invention are described 
more fully hereinafter. 

5 

I. THE CONNECTORS 

It is contemplated that the desirable properties of the present compositions will be advantageous in a wide variety 
of electrical connectors. Moreover, the present embodiments also provide connectors which eliminate or substantially 
10 reduce the tendency of sealant compositions used therewith to migrate or ooze from the connector. Connectors according 
to such embodiments are adaptable for use with a wide variety of sealant compositions, including those of the type 
disclosed in the prior art as well as those of the present embodiments. 

The present embodiments provide moisture proof, temperature resistant and noise resistant electrical connectors 
for sealingly connecting transmission means therein. The.prelejLed.connectorsxom 
15 terminal means for accepting and electncally^rannectin^to^ transmLssipji rpean 

*^cto7body and a sealam ^mjgogiltoi^ ^jongorjadjacem to the teirninal^ order 

ntoTmximizethe^e^ of the connector, the connector body preferably comprises a substantially closed housing 

or container, and the container is preferably substantially filled vyith sealant composition. In such embodiments, the 
container includes access means for allowing entry of the transmission means into the connector body for contact with 
20 the terminal means and the sealant composition. The access means preferably comprises said container having an 
access opening therein. 

It will be appreciated by those skilled in the art that, under certain conditions, many of the prior sealant compositions 
contained in such a container tended to migrate or ooze from the connector body through the access means. While the 
sealant compositions possess properties and characteristics which substantially reduce or eliminate such migration, it 
25 is preferred that the present connector^Jncludg^wip er means"substanti ally covering said access ope^i^g JorjUowtn^^ 
withdrawal of the transrnissidn means from the connecter while retainmg said^sealant^w 

df:wiper-means-'acc o?dir1g[ to"tff e^pres advahtapously facilite^ repair and replacement of electrical con- 

' nection^nrTpaFticSa^r, t^ means provldesjnj^^^^ .r^ean^jwl^^^ 

"substantially reducing the nw Sj6nM0f^eala m.jpom^ ey.en^relatiyeJyJpwable.and.migrator,y.,sealantSr from^he _ 

30 "^cSnn^tor.^ 

''''^''''''""TITsI)?^^^ that the wiper rneans comprise a resilieu3LtMlJI^D&!lSf^^^®^ connector body and.covering 

the access opening. Such resilient membrane also preferably includes an access opening therein for permitting entry 
of the transmission means into the connector body wherein the dimension between at least two edges of said resilient 
membrane access opening are less than, and preferably substantially less than, the cross-section of said transmission 

35 means. In this way, the edges of such opening provide means for wiping sealant composition from the outer surface of 
the transmission means when the transmission means is withdrawn from the connector body, as frequently is required 
during repair operations. According to certain embodiments it is preferred that the smallest dimension of the wiper means 
access opening is at least about 0.2 times the smallest cross-sectional dimension of the transmission means, and even 
more preferably about 0.1 times the smallest dimension of the connector body access opening. 

40 The resilient membrane used according to the preferred embodiments of the present invention should provide suf- 
ficient flexibility to allow the transmission means to be readily inserted and withdrawn from the connector body while 
simultaneously possessing sufficient rigidity to overcome any adhesion forces between the sealant composition and the 
transmission means, thereby wiping sealant means from the transmission means during the withdrawal process. While 
it is contemplated that a large number of materials in varying thicknesses and sizes are adaptable for use according to 

45 the present invention , thin pol yureth arieJijmsj TayLng a thickness of frojTi_about 1 mm to abo ut 5 mm arepref erred. 

It is also contemplated that the particular shape and configuration of the access opening in the wiper means will 
vary depending upon the type of sealant used and particular applications involved. For example, the access opening 
may comprise a simple slit in the resilient film, a star pattern of slots or an aperture of circular, square or triangular shape. 

50 A. First Embodiment 

A first preferred embodiment of the present invention will now be described in connection with FIGS. 1-11. Con- 
nectors of the general type illustrated in these figures are described in US-A-4 705 340 and US-A-5 006 077, each of 
which is incorporated herein by reference and assigned to the assignee of the present invention. These connectors are 
55 available from AMP Incorporated under the trade designation "Quiet Front." 

Referring now to FIG. 1 , a terminal block 92 having a plurality of silo-type rotary insulation displacement electrical 
connectors 10 is illustrated- The connector housings 10 house a terminal. .referred to generally as 10A in FIGS. 2 and 
3. substantially closed at the top by mating rotatable cap 50 and at the bottom by, for example, the base 94 of terminal 
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block 92. The terminal 10A is substantially cylindrically-shaped and has a upper insulation displacement portion 8 and 
a lower insulation displacement portion 6. In operation, the termin aiJs,subsiaatia[Lvjcomp Letely fil led witii.sealarrt. 

The terminal parts are preferably stanped from a metal having good electrical conducting qualities. These conduc- 
tive qualities are desirable because transmission means, preferably two signal-carrying wires 90. are terminated to the 
terminals and the signal is carried through the terminal. 

Referring now to FIG. 7. a preferred method of forming the terminal is disclosed. In particular, the terminal is stamped 
from a blank 2 having top bearing surfaces 34 and 40. forward surface 44, tab 45 on forward surface 44, bottom surface 
42 and a recessed surface 48. Blank 2 includes an inner small wire opening 18A in tab 45, the opening 18A being in 
transition with an inner small wire receiving slot 20A defined by sheared surfaces 21 A. Blank 2 also includes an inner 
large wire receiving opening 12A in transition with an inner large wire receiving slot 14A defined by sheared surfaces 
1 5A. Strain relief slots 1 6A are located above and below the large wire opening 1 2A and large wire slot 1 4A. The blank 
2 includes outer small wire receiving opening 1 8B in transition with outer small wire receiving slot 20B defined by sheared 
surfaces 21 B. and strain relief slots 22B above and below opening 18B and slot 20B. The blank 2 includes an outer large 
wire receiving opening 12B in transition witii an outer large wire receiving slot 14B defined by sheared surfaces 1 SB- 
Strain relief slots 16B are located above and below the opening 12B and slot 14B. 

The terminal 10A is formed by rolling the stamped blank of FIG. 7 into cylindrical shape, the cylinder comprising a 
spiraled double wall thickness as shown in FIG. 5. As best shown in FIGS. 5 and 7. tine spiral begins with the end marked 
18A. The spiral is then rolled clockwise around the end marked 18A until the outer small wire receiving opening 18B 
overlaps the inner small wire receiving opening 18A and continues around until the outer large wire receiving opening 
12B overfaps the inner large wire receiving opening 12A. As overlapped, tiie outer large wire strain relief slots 16B also 
overfap the large strain relief slots 16A. When completely rolled, the terminal is a cylinder having an inner and outer wall 
of twice the thickness of the metal stamping and having diametrically opposed large and small wire receiving holes, 12 
and 18. respectively, as best shown in FIG. 2. The terminal 10A thus includes first access means comprising inner and 
outer small wire openings 18A and 18B. respectively and second access means comprising large wire inner and outer 
openings 12A and 1 2B. respectively. The blank 2 further includes lower insulation displacement slots 24. and cap deten- 
tion slots 86A and 86B. 

Referring now to FIGS. 8-11, the connector 1 0 includes a terminating cap 50. which cooperates with terminal 1 0A 
and substantially closes the top end of connector 1.0. Cap 50 is molded from a dielecti-ic material and includes an outer 
wall 68 and an inner wall 66 interconnected by a top wall 58. the inner and outer walls 66.68 thereby defining an inner 
annular channel 62 therebetween. As shown in FIG. 12. cap 50 further comprises rotational lug 64 having surfaces 64A 
and 64B, detent latch member 56 and small wire receiving channel 78. As shown in FIG. 8, the cap 50 includes hexagonal 
nut portion 60, continuity test hole 52 and wire entry hole 54. In typical configurations, the hexagonal nut portion 60 rises 
so as to allow the terminal 10A to accommodate additiona hsealant m aterial, thereby improving the overall quality of the 
connection. Wire entry hole 54 comprises large wire entry portion 54 A and small wire entry portion 54B. these portions 
being connected by a frusto-conical transition section defined by surface 76. 

Referring now to FIG. 1 2, it is seen that inner circular wall 66 and outer circular wall 68 of cap 50 define inner channel 
62, which is so dimensioned as to be slidably received over the top of terminal lOA; that is. the outer diameter of inner 
wall 66 is less than the inner diameter of terminal 10A. while the inner diameter of outer wall 68 is greater than the outer 
diameter of terminal 10A. When cap 50 is received over terminal 10A, wire receiving opening 54 in cap 50 is aligned 
with large wire receiving opening 12 and opposed small wire receiving opening 18 in terminal 10A. Rotating cap 50 
clockwise about a quarter turn aligns wire receiving hole 54 in cap 50 with the large wire receiving slot 1 4 and diametrically 
opposed small wire receiving slot 20. In fully assembled form, the wire receiving openings 12 and 18 and the opening 
54 in cap 50 individually and together constitute connector body access openings. 

Although the cap 50 and terminal 10A are rotatable with respect to one another, the angle through which the cap 
50 may rotate is fixed, because as best shown in FIGS. 5 and 6. the terminal has rotational stops 32A and 32B. and the 
cap in turn, as shown in FIG. 1 1 , has a rotational stop lug 64. having surfaces 64A and 64B. When the cap 50 is received 
over terminal 10A such that the wire receiving opening 54 in the cap 50 aligns with wire receiving openings 12 and 18, 
surface 64B of lug 64 is against surface 32B of terminal 10A. and when the cap is rotated, the rotation is limited by 
surface 64A of lug 64 against surface 32A of terminal 10A. Thus, the angle of rotation is defined by the angle of surface 
34 as defined by surfaces 32A and 32B. less the included angle of lug 64. as defined by surfaces 64A and 64B, and is 
the angle required to terminate either the small wire or the large wire in the upper insulation displacement portion 8. 

If a small wire is to be terminated, tiie small wire is placed in hole 54 and extends through sections 54A, 54B and 
54C. also passing through large wire receiving opening 12, and then through small wire receiving opening 18 and into 
channel 78. When the cap is rotated relative to the terminal, the wire is carried in the channel, and the side wall of 
channel 78 forces the conductor into the small wire terminating slot 20, and the small wire makes electrical and mechan- 
ical contact with sheared surfaces 21 A and 21B at three points, because the width of at least inner slot 20A is slightly 
smaller than the diameter of the small wire conductor. The small wire is also rotated into slot 14. and the insulation of 
the small wire is gripped by slot 14, which acts as a strain relief. Conversely, when a large wire is placed in hole 54, the 
large wire passes through the large wire receiving opening 12 but then is precluded from entering section 54B, and 
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remains in section 54C. bearing against frusto-conical surface 76. When the cap is rotated relative to the terminal, the 
large wire is carried within hole 54 and the large wire is forced into the large wire receiving slot 14 and the large wire 
makes electrical and mechanical contact with sheared surfaces 15A and 15B at three points, because the width of at 
least inner slot 14A is slightly smaller than the diameter of the large wire conductor. 

According to preferred embodiments of the present invention, one or more of the access openings 12. 18 and 54 
are covered by a thin resilient film having a narrow slit or opening therein. As illustrated in FIG. 9. for example, access 
opening 54 is covered by a thin resilient film 70 having a narrow slit 71 therein. The wiper means according to such 
embodiments preferably comprises thin polyurethane tape adhered to the terminal. 

Another type of cap block for interconnecting a pair of wires is disclosed in US-A-5 006 077. which is incorporated 
herein by reference and with which the present compositions may be used. A tubular dielectric housing has a center 
post therein defining an annular cavity. A stationary tubular terminal is affixed within the cavity adjacent the center post; 
a rotatable tubular terminal is disposed within the cavity concentrically around the stationary terminal and in electrical 
engagement therewith at all times; and a lug-capped tubular actuator is also mounted to the housing and is adapted to 
be rotated between actuated and unactuated positions to rotate the rotatable terminal. A pair of wire-receiving apertures 
extend through apertures through the housing wall, through apertures of both terminals and the actuator, and at least 
into a center post aperture, all aligned in an unactuated state for a wire end to be inserted thereinto. Preferably the 
terminal block would have a thin resilient slit film over the wire-receiving apertures through the housing wall. Further, 
the probe opening through the actuator lug could be deepened to provide for sealant to move thereinto upon wire inser- 
tion. Upon rotation of the rotatable terminal by the actuator, slot walls of the terminal pierce the wire insulation and 
engage the wire's conductor. The stationary terminal includes a contact section extending outwardly from the housing 
including insulation displacement slots for a wire to be inserted thereinto and terminated, for a multiconductor stub cable 
length to be secured to the enclosure containing a plurality of the terminal blocks, thus defining a cable harness. The 
two terminal members thus interconnect an appropriate conductor of the stub cable to a wire inserted into the terminal 
block. A second set of wire-receiving apertures can be utilized to receive a second inserted wire end to be interconnected 
with the first and with the stub cable connector. 

Another type of terminal block has a single-piece terminal with connecting sections for two wires to be spliced, which 
are of the insulation piercing or displacement type which eliminates the need for stripping the insulation from the signal 
wire conductors. A dielectric housing includes an integrally molded center post within a tubular terminal-receiving housing 
section, both coextending from a common base section and defining an annular cavity, the housing section providing 
wire-receiving openings through side walls and into the cavity aligned with an aperture through the center post, enabling 
insertion of wire ends during splicing. A barrel terminal and an associated lug-capped tubular actuator is then assembled 
to the housing, with the barrel terminal surrounding the center post within the cavity and having apertured insulation 
displacement contact sections which are initially aligned with the wire-receiving openings of the housing and center post, 
and the actuator also having profiled apertures therethrough extending partially around the circumference and also 
aligned with the wire-receiving openings of the housing, center post and terminal. The lug extends above the housing 
upon assembly to be accessible to tooling for rotation thereof to rotate the actuator and the terminal. Again the probe 
opening in the actuator tug can be deep, and a film can cover the wire-receiving openings of the housing side wall. 
During splicing the wire ends of both wires are inserted into respective openings and through the apertured contact 
sections until stopped by abutment with corresponding stop surfaces of the housing which then holds the wire ends at 
two spaced locations, both outside and within the terminal wall; the actuator is then rotated thus rotating the terminal 
forcing the wire slot edges to pierce the wire insulation of both wires and electrically connect with the conductors therein. 

B. SECOND EMBODIMENT 

While the first embodiment described above provides especially preferred reusable electrical connectors, it is con- 
templated that electrical connectors according to other configurations are adaptable for use with the present sealant 
compositions- For example, a second embodiment provides a single use electrical connector, as illustrated in FIGS. 13- 
15. Connectors of this type are also disclosed in US-A-3 410 950. in US-A-4 714 801 and in US-A-5 004 869. These 
connectors are available from AMP Incorporated under the trade designation PICABOND®. 

With particular reference now to FIGS. 13-14, a connector comprising a connector 110 having transmission termi- 
nating means 1 1 6 is disclosed. The connector is comprised of an outer insulating film 1 1 4. an open U-type metal terminal 
116 having a plurality of wire-receiving projections 118 extending from inner surface 116a of terminal 116. Sealing 
material 112, and preferably the sealing (gmposition-ofJhepr.esentinvg ntion, is dispensed into the connector body 1 iTo 
and in this particulaTembbdimeiTt on the terminal 116, particularly in tReareas^f'projectior^ 

nectbr TfOfurthef has ah'inner insulating film layer 120 therein which extends'overllTeselSlant^ 
Film layer 1 20 is sealed, preferably by means,of-heat,.to the sides of the terminaM 1 6 thus encasing the sealant material. 

In using the connector 1 1 0, means for transmitting electrical current or signals, such as wires 1 22rare'inserted f rom 
opposite ends of the connector 110 and disposed in the area of projections 118. As is shown in FIGS. 12 and 13, the 
wires 122 tie on top of the inner film layer 120. FIG. 14 shows a cross-section of the crimped connector 110. Crimping 
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of connector 1 10 generally requires exertion of force on the side walls 1 16B of the terminal 116 sufficient to deform the 
terminal into a position similar to the one shown in FIG. 14. thereby forcing the wires 122 into receiving slots 124 of 
projections 1 1 8 Slots 1 24 are narrower than the diameter of the conductors within wires 1 22 for side edges of slots 1 24 
to pierce the insulation surrounding the conductors to establish electrical connections therewith. For the purpose of 

5 convenience, the force required to produce such a deformation is referred to herein as the normal crimping force. As 
will be understood by those skilled in the art. the magnitude of this force will vary somewhat depending upon several 
factors, including connector design and size. During the crimping of the connector 110. wires 122 rupture the film layer 
as they are forced into receiving slots 124 of projection 1 1 8. As a result of the pressure exerted by the normal crimping 
force, sealant J,12- of4he present invention is deformed as it is forced through tfie breach in the film layer 120 and 

JO s un-oun ds the intersections of the wires and the projection, thereby sealing the immediatexontaet-areaSuteiweeD-ttie 
wires ancHhe'connector."^"" ^'"'^ * ~ ~~ — "-^ 



II. THE WIE-mODS 

15 It is contemplated that, in view of the information contained herein, compositions according to the present embod- 
iments may be readily prepared using known techniques. Nevertheless, it is preferred that the present compositions be 
prepared according to the methods described herein in order to obtain compositions well adapted for use as sealants. 

The methods generally comprise the step of providing a solution, dispersion and/or emulsion of the elastomeric 
thermoplastic polymer in the extender, and raising said solution, dispersion or emulsion to at least about the gelation 

20 initiation temperature of the polymer/extender mixture, and even more preferably to at least about the fusion temperature 
of the polymer/extender mixture. As is well known to those skilled in the art, the application of heat to polymer/extender 
mixtures of the type disclosed herein generally causes physical changes in the rheology of the mixture. Without intending 
to be bound by or limited to any particular theory, it is believed that upon the application of heat to the solutions, disper- 
sions or emulsions, the extender portion thereof begins to become solvated in the polymer while fractions of the polymer 

25 dissolve in the extender. As additional heat is applied to the composition, continued solvation of the extender and the 
^ polymer results in a substantial increase in viscosity and a corresponding loss of cornposition fluidity. This increase in 
viscosity and loss of fluidity is generally associated with the onset of the "gelation" of the composition . It will be appreciated 
by those skilled in the art that as the temperature is raised from about room temperature to about the onset of gelation, 
the fluid polymer/extender compositions may first exhibit an initial decrease in viscosity, followed by the gradual increase 
^ 30 in viscosity described above. Upon application of further heat and a further increase in temperature, a peak in viscosity 
is reached, and thereafter the present compositions exhibit increasing fluency as the gel becomes liquid-like. For the 
purposes of convenience, the term "gelation temperature range" is used herein to refer to" the range of temperature 
^' spanning from about the initial increase in composition viscosity to about the end of the peak in viscosity Techniques 
are well known and available to those skilled in the art for determining the onset of gelation of any particular poly- 

35 mer/extender composition. For example, the onset of gelation may be measured using a gelation plate which is heated 
only at one end, thereby developing a temperature gradient from one end of the plate to the other. When a polymer 
composite/extender composition is cast onto the plate, the temperature of the plate at the point the composition begins 
to lose its fluidity is referred to herein as the composition's initial gelation temperature. The temperature at which the 
composition begins to regain fluidity is referred to herein as the gelation end point. It will be appreciated that these terms 

40 are used for the purposes of convenience, but not by way of limitation. 

The gelation temperature range of any particular composition is a function of many variables, including the type and 
relative amounts of extender and polymer material present. It is generally contemplated, however, that gelation of the 
present compositions will take place at temperatures of from about 125°C to about 200°C with sufficient time. As addi- 
tional heat is applied to the composition, incorporation of the extender into the polymer domains occurs and the com- 

45 position becomes liquid-like. In particular, heating of the present compositions for a time sufficiently beyond the gelation 
end point causes the extender molecules to become fully incorporated into the matrix of the polymer molecules, and 
the extender becomes sufcetantially integrated into the polymer network. In such a state, the composition is said to be 
a fused liquid-like composition. According to certain embodiments, the completion of gelation is determined by monitoring 
the torque required by the mixer over time and noting the approximate peak torque thereof and its elapsed time. 

50 Certain embodiments of the present methods preferably also comprise the important step of incorporating a 
crosslinkable polymer into the thermoplastic elastomer/extender mixture. It is especially preferred that such an incorpo- 
rating step comprise incorporating precursors for said crosslinkable polymer into a fluid composition comprising said 
thermoplastic elastomer and then crosslinking said polymer precursors in the presence of said thermoplastic elastomer. 
It is contemplated that the step of incorporating the crosslinked polymer precursors into the composition can occur, 

55 before, during and/or after the heating step described above. It is preferred, however, that the polymer precursors be 
added to the mixture after the initiation of gelation of the organic polymer/extender mixture, more preferably after the 
gelation end point is reached, and even more preferably after liquif ication of the organic polymer/extender composition. 

It is contemplated that the step of crosslinking the precursors in the presence of the thermoplastic elastomer may 
utilize any one of several well-known techniques, and all such techniques are within the scope of the present invention. 
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For embodiments in which the crosslinkable polymer comprises crosslinkable silicon based polymer, it is preferred that 
the polymer precursor comprise first and second functionalized silicon-based polymers wherein said first polymer is a 
hydrosilicon functionalized silicon-based polymer and said second polymer is a vinyl functionalized silicon-based poly- 
mer. A suitable crosslinkable silicon-based polymer is SYLGARD 527. obtainable from Dow Corning Corporation, Mid- 
land. Michigan. In such embodiments, the crosslinking step comprises introducing said first and second polymer 
precursors into the thermoplastic elastomer/extender mixture during the heating thereof. It is also preferred that the 
crosslinking step comprise introducing a crosslinking catalyst, and preferably a platinum crosslinking catalyst, into the 
mixture before, during or after the introduction of said polymer precursors. It is believed that this chemical crosslinking 
further enhances the thermal resistance of the sealant composition. 

The examples which follow are illustrative but not limiting of the present invention. 

III. EXAMPLES 

EXAMPLE 1 

About 92 parts by weight (pbw) of an extender, about 1 pbw of a first thermoglastic elastomeric polymer, about 4 
pbw of a second thermoplastic^elastorneric polymer, and ^tou^^^^^l^^Sji^SS^^^^^^^^^^^^^y^^E 
^afureTnto"?two1itenfeavy walled glass mixing beaKer'TRe*5eal<erwS^p^ 

bladed mixing propeller. The extender was KAYDOL oil, sold by Witco. having a kinematic viscosity of about 65-70 
centistokes at 40'*C. a specific gravity of about 0.87-0.89 at 25°C and a pour point as measured by ASTM D97 of about 
-18*'C. The first thermoplastic elastomer was a poly(styrene-ethylene-butylene-styrene) triblock copolymer, available 
from the Shell Development Corporation under the trademark KRATON G 1651, having a styrene end block to ethylene 
and butylene center block ratio of about 33:67. As described in the Shell Company Technical Bulletin SC1 102-89. KRA- 
TON G 1 651 has a melt viscosity of 42.700 when present at a concentration of 5% in KAYDOL oil at 300**F. The second 
thermoplastic elastomer was a low strength diblock copolymer, poly (styrene-ethylene-propylene), sold by Shell Devel- 
opment Corporation under the trademark KRATON G 1701. As described in the Shell Company Technical Bulletin 
SC1 102-89. KRATON G 1 701 has a melt viscosity of 209 when present at a concentration of 5% in KAYDOL oil at 300*'F. 
The fumed sili ca was a fully hydrophobized 200 sq m/g amor phous silica sojd. under the trad emark AE_RQSIL R-974 by 
the Degussa Cbrporation. 

^With-constant-stirring-by°the three-bladed propeller at about 750 rpm the temperature of the mixture was raised 
gradually from about room temperature to about 1 90**C over a period of about 80 minutes to produce a relatively homog- 
enous, glutinous composition. Stirring was continued for about an additional 80 minutes as the temperature of the mixture 
was lowered from about 190**C to about 160*'C. With the mixture temperature at about 160°C. about 25 pbw of the 
SYLGARD 527 precursors described above was introduced gradually during a two minute period into the glass mixing 
beaker. The mixture was maintained at about 160°C and stirring was continued for about an additional 30 minutes. 

After cooling 24 hours at room temperature the contents of the beaker were observed to be a translucent homog- 
enous, welt dispersed thermoplastic gel sealant composition having a viscosity at 74°F of about 266 units (0.1 mm) as 
measured by the ASTM D21 7 method for testing cone penetration of lubricating greases as described below. 

ASTM 0217 is a standard test procedure entitled "Standard Test Methods for Cone Penetration of Lubricating 
Grease." adopted by the American Society for Testing and Materials (ASTM) and used throughout the materials industry 
to determine viscosities of lubricating greases. This procedure was used to determine the cone penetration at 25*'C 
(77*'F) of a sample of the sealant that had received only minimum disturbance in transferring the sample to a grease 
worker cup or other suitable container. The apparatus used was a penetrometer, which is designated to measure in 
tenths of a millimeter the depth to which a standard cone penetrates the sample. The penetrometer has an adjustable 
table to properly position the cone on the surface of the sample prior to releasing the cone. The standard cone used 
was made of magnesium with a detachable, hardened steel tip having a total weight of 102.5 ± 0. 1 g in accordance with 
specifications of the test. A quantity of the sealant material and the test sample container are brought to a temperature 
of 25 ± 0.5*^0 in a water or air bath. A sample of the material is transferred to the container and packed to eliminate air 
pockets. The sample in the container is leveled and placed on the penetrometer table. The apparatus is adjusted so that 
the tip of the cone just touches the surface of the sample. The cone shaft is then released and allowed to drop for 5.0 
± 0.1 seconds. The amount of penetration is read from an indicator on the apparatus. In accordance with the procedure 
the values given are the average of three penetration tests per sample. 
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The physical properties of the sealant composition of this Example were measured and are reported in Table 1. 



TABLE 1 



Property Measured 


VALUE 


Appearance 


Translucent 


Cone Penetration (ASTM D217) (Units are 0.1 mm) 


266 


Bleed 24 hours @ 80°C 


0 


Bleed 24 hours© 100**C 


0 


Fitness of Grind (ASTM D1210) (NS) 


8 


Slump test 80**F. 24 hours 


0,05 inch 


100°F. 24 hours 


0.3 inch 



EXAMPLE 2 

About 90 pbw of extender consisting of INDOPOL H-100 (polyisobutene) is introduced at about room temperature 
into a mixing vessel provided with a heating source. INDOPOL H-100 is manufactured by Amoco and has a kinematic 
viscosity of about 196-233 centistokes at 100^F. a specific gravity of about 0.88 - 0,90 at 60°F and a pour point as 
measured by ASTM D97 of about 20'*R The extender is heated to about 75**F and mixed for about 15 minutes. About 
0.75 pbw of KRATON G 1651 (S-EB-S triblock) and about 7.5 pbw of KRATON G 1701 (S-EP diblock) are then added 
to the mixing vessel and mixing was continued for about 15 minutes at a temperature of about 75*F to produce a dis- 
persion. About 0.5 pbw of antioxidant and thermal stabilizer, tetrakis[methylene(3.5-di-tert-butyl-4-hydroxyhydrocinna- 
mate)] methane, sold by the Ciba-Geigy Corporation under the trademark IRGANOX 1010 is then added to the mixture. 

The mixture is maintained at about 375°F and stirring is continued for about an additional 120 minutes, at which 
point about 0.05 pbw of corrosion inhibitor, about 0.01 5 pbw of fungicide and about 0.05 pbw of a surfactant are added 
to the mixing vessel. The corrosion inhibitor is benzotriazole supplied under the trademark COBRATEC 99 by PMC, 
Incorporated, the fungicide is 2-(4-thiazdyl)benzimidazole supplied under the trademark METASOL"^ TK-1 00 by Calgon 
Corporation and the surfactant is a proprietary fluorinated esters non-ionic surfactant supplied under the trademark 
FLUORAD FC430 by 3M Corporation. It is required to heat the mixture at temperature of about 420°F, with continual 
stirring for about an additional 120 minutes. The contents of the vessel are then cooled to about room temperature. 

A clear, yellow gel sealant having the properties listed in Table 2 is produced. 



TABLE 2 



PROPERTY MEASURED 


VALUE 


Appearance 


Clear 


Cone Penetration (ASTM D21 7) (Units are 0,1 mm) 


300 


Softening Point (°C) 


90 


Melt Flow 3 sec., 163°C 30 psi (grams) 


0.8 


Pourpoint (^C) 


200 


Slump test at 80*C. 24 hours (inches) 


0,4 


Brookf ield Viscosity at 204**C (poise) 


35 


Oil Retention at 80° C (percent) 


100 



As can be seen from the results of this example, a sealant having several desirable properties is produced. However, 
the viscosity and melt flow characteristics are slightly below those desired for certain applications. 
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EXAMPLE 3 

Example 2 is repeated, except that the extender consists of 90 pbw of KAYDOL (mineral oil), that is. the INDOPOL 
H-100 component of Example 2 is replaced on a one-to-one basis by KAYDOL. KAYDOL oil is available from the Son- 
neborn Company, a division of Witco Corp. and has a kinematic viscosity of about 65-70 at 40**F. a specific gravity of 
about 0.87 - 0.89 at 25°C and a pour point of about -18**F. 

In addition, the final mixing step of this example only requires a mixture temperature of about 375°F as opposed to 
the additional mixing at a mixture temperature of about 420*'F required in Example 2. 

A clear, water-white gel sealant having the properties listed in Table 3 is produced. 



TABLE 3 



PROPERTY MEASURED 


VALUE 


Appearance 


Clear 


Cone Penetration (ASTM D21 7) (Units are 0.1 mm) 


315 


Softening Point (^^C) 


95 


Melt Flow 3 sec.. 163*'C 30 psi (grams) 


1.8 


Pourpoint (^C) 


155 


Slump Test 80°C 24 hours (inches) 


0.8 


Brookfietd Viscosity at 204^0 (poise) 


1 


Oil Retention at 80°C (percent) 


100 



As can be seen from the results of this example, a sealant which is highly f lowable. especially relative to the sealant 
of Example 2 is produced. However, the seafant of this example exhibits an undesirably poor slump resistance. 

EXAMPLE 4 

Example 3 is repeated, except that the extender consists of about 45 pbw of KAYDOL Oil and about 45 pbw of 
INDOPOL 

A clear, nearly water -white, homogeneous high-temperature functional gel sealant according to the present invention 
having the properties listed in Table 4 below is produced. 



TABLE 4 



PROPERTY MEASURED 


VALUE 


Appearance 


Clear 


Cone Penetration (ASTM D21 7) (Units are 0.1 mm) 


315 


Softening Point (°C) 


105 


Melt Flow 3 sec.. 163°C 30 psi (grams) 


1.0 


Pourpoint (**C) 


200 


Slump test 80°C 24 hours (inches) 


0.2 


Brookfield Viscosity at 204^0 (poise) 


22 


Oil Retention at 80^C (percent) 


100 



As can be seen from the results of this example and a comparison to Examples 2 and 3. a sealant with unexpected 
and synergistic properties is produced. In particular, the sealant of this example not only exhibits slump resistance 
superior to the sealants of either of the previous examples, it even more surprisingly has melt flow and softening point 
characteristics which are also superior to the sealants of the prior examples. 
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The sealant of this example is tested for operability In a connector of the type described in the first connector embod- 
iment hereof and sold by AMP Incorporated under the trade name. "Quiet Front". The electrical/thermal/environmental 
insulating capacity of the sealant of this example is tested by injecting the sealant into 30 samples of the connector. Ten 
samples each of the sealed connectors are tested according to the Bellcore Technical Reference TR-NWT-00975 (here- 
inafter termed "the Bellcore Reference") pursuant to sections 3.41 . 3.42 and 3.43. All samples satisfy the requirements 
of the specified test conditions. 

The sealant of this example also satisfies tiie insulation resistance requirements specified in sections 3.1 of the 
Bellcore Reference. Ten connectors sealed by the sealant of this example were also subject to the test procedures 
specified in section 3.4.4 of the Bellcore Reference directed to measurement of stress relaxation and sfrain release. All 
of the samples met the requirements of this section. The connectors also passed the vibration, flex and compatibility 
standards set forth in the Bellcore Reference. 

EXAMPLE 5 

Example 4 is repeated except that about 3.0 pbw of a tennperature stabilizing agent based on fully hydrophobized 
surface treated amorphous silica available from Degussa Corporation under the designation "Aerosil R-974" is added 
to the mixture at the additional 120 minute point. 

A clear, homogenous, high-temperature functional gel sealant having the properties listed in Table 5 below is pro- 
duced. 



TABLE 5 



PROPERTY MEASURED 


VALUE 


Appearance 


Clear 


Cone Penetration (ASTM D217) (Units are 0.1 mm) 


292 


Softening Point (^'C) 


95 


Melt Flow 3 sec., 163''C 30 psi (grams) 


0.7 


Pourpoint (**C) 


185 


Slump test 80°C 24 hours (inches) 


0.05 


Brookfield Viscosity at 204''C (poise) 


42 


Oil Retention at 80*'C (percent) 


100 



EXAMPLE 6 

The composition of Example 4 was tested for its ability to protect a variety of different electrical connectors from 
water intrusion. The test protocol was based on the water immersion test specified in the Bellcore Reference which is 
incorporated herein by reference. 

A first connector of the type described hereinabove and sold by AMP Incorporated under the trade name, Quiet 
Front was is tested. A second connector of the type described hereinabove and sold by AMP Incorporated under the 
trade name, PICABOND® was also tested. A third connector sold by AMP Incorporated under tiie trade name. Tel- 
Splice, and described in AMP Instruction Sheet IS6502 was also tested. A fourth connector available under the trade 
designation. Automotive Diagnostic Connector, AMP Incorporated Part Number 776002 was also tested. 

To perform the test an electrical connector containing the sealant composition of Example 4 was prepared. The 
connectors containing the sealant composition were immersed to a depth of 6 inches in a aqueous 5% NaCI salt solution. 
The connectors were then energized with a 48 volt dc potential applied between common sample leads and a copper 
electrode immersed in the basin. To confine the short circuit current to approximately 20 milliamperes, limiting resistors 
were placed in series with each sample. The insulation resistance between individual connectors and the water were 
measured at 1 hour, at 7 days and finally at 14 days using a 250 volt DC potential. A minimum insulation resistance (IR) 
criterion of 1 x 10^ ohms was used as a fail point for all conductors. All test procedures were performed at ambient 
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laboratory conditions. The immersion test results for each of the different types of connectors is presented below. 



TABLE 6 



INSULATION RESISTANCE RESULTS FOR QUIET FRONT CONNECTORS CONTAIN- 
ING THE SEALANT COMPOSITION OF EXAMPLE 4 


CONDITION 


INITIAL 


AFTER 1 HOUR 


AFTER 7 DAYS 


AFTER 14 DAYS 


# Samples 


12 


12 


12 


12 


Min. IR a 


2x1010 


2x1010 


4x1010 


4x1010 


Max. IR Q. 


3x1010 


2x1010 


4x1010 


2x1011 


Mean IR Q 


2,2x1010 


2.0x1010 


2.0x1010 


2.2x1010 


#<1x108Q 


0 


0 


0 


0 



Results show that no leakage occured on any silo during the two weeks of immersion testing. Ail samples maintained 
an insulation resistance of greater than 1x10^ ohms. 

20 

TABLE 7 
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INSULATION RESISTANCE RESULTS FOR TEL-SPLICE CONNECTORS CONTAIN- 
ING THE SEALANT COMPOSITION OF EXAMPLE 4 


GGNDITION 


INITIAL 


AFTER 1 HOUR 


AFTER 7 DAYS 


AFTER 14 DAYS 


# Samples 


10 


10 


10 


10. 


Min. IR Q. 


1x1010 


2x1010 


1x1010 


3x1010 


Max. IR a 


2x1010 


3x1010 


2x1010 


1x1011 


Mean IR CI 


1.8x1010 


2.3x1010 


1.9x1010 


6.0x1010 


#<1x108a 


0 


0 


0 


0 



35 

The Tel-Splice samples also maintained an IR of greater than 1x10^ ohms throughout the immersion test. 



TABLE 8 
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INSULATION RESISTANCE RESULTS FOR DIAGNOSTIC CONNECTORS CONTAIN- 
ING THE SEALANT COMPOSITION OF EXAMPLE 4 


CONDITION 


INITIAL 


AFTER 1 HOUR 


AFTER 7 DAYS 


AFTER 14 DAYS 


# Samples 


10 


10 


9 


8 


Min. IRn 


1x109 


4x109 


4x1010 


1x1010 


Max. IR Q 


6x109 


4x1010 


1x1011 


2x1011 


Mean IR Q 


3.1x109 


79x109 


8.8x1010 


1.6x1011 


#<1x108a 


0 


0 


1 


2 



All PICABOND connectors failed the immersion test initially. It is expected that this result occurred because of the 
particular elastomeric properties of the sealant of Example 4. Nevertheless, it is contemplated that appropriate modifi- 
55 cation of the Example 4 sealant within the scope of the present invention is capable of producing satisfactory immersion 
test results. 
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The composition of Example 4 is tested for its ability to reliably protect Quiet Front type connectors of the type 
described In the first embodiment hereof and sold by AMP Incorporated under the trade name. Quiet Front, from water 
5 intrusion. The test protocol is based on the water immersion test described in Example 6. 

Three hundred Quiet Front connectors containing the sealant composition of Example 4 were prepared. The con- 
nectors containing the sealant composition were immersed to a depth of 6 inches in an aqueous 5% NaCI salt solution 
and tested as in Example 4. An unusually large number of circuits passed the test even after 14 days of immersion, as 
reported in Table 9 below. 

w 

TABLE 9 



PERCENTAGE OF CIRCUITS PASSING THE IMMERSION TEST 


TIME 


INITIAL 


AFTER 7 DAYS 


AFTER 14 DAYS 


# Samples Passing 


293 


280 


259 


% Samples Passing 


97.6 


93.3 


86.3 



EXAMPLE 8 

The composition of Example 4 is tested according to ASTM D4048 to predict its ability to protect electrical connec- 
tions from environmental corrosion. ASTM D4048 measures the amount of copper strip corrosion resulting from exposure 
25 to a sealant. Utilizing the classification parameters described in ASTM D4048. the composition of Example 4 is classified 
as 1 B. This classification indicates that the composition of Example 4 does not result in corrosion and causes only slight 
tarnishing of a copper strip and is therefore very well suited for electrical connection applications. 

EXAMPLE 9 

30 

About 90 pbw of extender consisting of about 45 pbw of a KAYDOL oil and about 45 pbw of INDOPOL is introduced 
at about room temperature into a mixing vessel provided with a heating source. The extender is heated to about 75°F 
and mixed for about 15 minutes. About 7.5 pbw of KRATON G 1701 (S-EP diblock) is then added to the mixing vessel 
and mixing is continued for about 15 minutes at a temperature of about 75**F to produce a dispersion. About 0.5 pbw of 
35 antioxidant/thermal stabilizer sold by the Giba-Geigy Corporation under the trademark IRGANOX 1010 is then added 
to the mixture. 

The mixture is maintained at about 375'*F and stirring is continued for about an additional 120 minutes, at which 
point about 0.05 pbw of corrosion inhibitor, about 0.015 pbw of fungicide and about 0.05 pbw of a surfactant are added 
to the mixing vessel. The corrosion inhibitor is benzotriazole supplied under the trademark COBRATEC 99 by PMC. 
40 Incorporated, the fungicide is 2-(4-thiazdyl)benzimidazole supplied under the trademark METASOL TK-100 by Calgon 
Corporation and the surfactant is a proprietary fluorinated esters non-ionic surfactant supplied under the trademark 
FLUORAD FC430 by 3M Corporation. It is required to maintain the mixture at temperature of about 375°F. with continual 
stirring for about an additional 120 minutes. The contents of the vessel are then cooled to about room temperature. 

A clear, yellow gel sealant having the properties listed in Table 10 below is produced. 

''^ TABLE 10 



PROPERTY MEASURED 


VALUE 


Appearance 


Clear 


Cone Penetration (ASTM D217) (Units are 0.1 mm) 


365 


Softening Point (°C) 


Pourable at RT 


Melt Flow 3 sec, 163^0 30 psi (grams) 


>3.3 


Slump test 80**C 24 hours (inches) 


>4.5 


Oil Retention at 80^*0 (percent) 


100 
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As can be seen from the results of this example, a generally unacceptable sealant composition is produced when 
only a primary polymer (S-EP diblock) is present in the composition. In particular, the slump resistance, melt flow and 
softening point characteristics indicate that such a sealant will not remain in the connector and/or will not adequately 
seal electrical connections under the preferred operating temperature range. 

EXAMPLE 10 

Example 9 is repeated, except that the primary polymer consisted of 7.5 pbw of KRATON G 1 701 and (S-EP diblock) 
about 0.75 pbw of KRATON G 1652 (S-EB-S triblock). 

A clear, yellow gel sealant having the properties listed in Table 1 1 below is produced. 



TABLE 11 



PROPERTY MEASURED 


VALUE 


Appearance 


Clear 


Cone Penetration (ASTM D217) (Units are 0.1 mm) 


354 


Softening Point (*C) 


Pourable at RT 


Melt Flow 3 sec, 163**C 30 psi (grams) 


>3.3 


Slump test 80**C 24 hours (inches) 


>4.5 


Oil Retention at 80°C (percent) 


0 



As can be seen from the results of this example, a generally unacceptable, sealant composition is produced even 
when a primary polymer containing both diblock and triblock copolymer components is present in the composition. In 
particular, the slump resistance, spew resistance, melt flow and softening point characteristics indicate that such a seal- 
ant will not remain in the connector and/or will hot adequately seal electrical connections under the preferred temperature 
range indicated above. 

EXAMPLE 11 

Example 9 is repeated, except that in addition to the primary polymer (S-EP diblock). about 0.75 pbw of the sec- 
ondary polymer KRATON G 1651 (S-EB-S triblock) is added to the composition. 
A clear gel sealant having the properties listed in Table 12 below is produced. 



TABLE 12 



PROPERTY MEASURED 


VALUE 


Appearance 


Clear 


Cone Penetration (ASTM D21 7) (Units are 0.1 mm) 


305 


Softening Point (°C) 


108 


Melt Flow 3 sec., 163°C 30 psi (grams) 


1.1 


Slump test 80°C 24 hours (inches) 


0-10 


Oil Retention at 80°C (percent) 


100 



As can be seen from the results of this example and a comparison to Examples 9 and 1 0, a sealant with unexpected 
and dramatically improved properties is produced. In particular, the sealant of this example exhibits a slump resistance 
which is about 150 times superior to either of the previous examples. Furthermore, the melt flow characteristics are 
about 3 times superior to the sealants of the prior examples. 
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EXAMPLE 12 

The composition of Example 4 is used in a method of manufacturing sealed electrical connectors of the type sold 
by AMP Incorporated under the trade names, Tel-Splice and Quiet Front. These connectors have previously been sold 
containing grease-type sealants or not containing sealants. 

The Quiet Front terminal blocks containing six silos per block are filled and sealed by intermittent "shots" of the 
composition of Example 4. The filling apparatus is the PAM-Model 500-E hot melt extrusion gun with AMP nozzle here- 
inbefore described. The gun was loaded with about 50 g. of sealant composition. 

Each silo is filled by triggering bursts of sealant for about one-fourth to one-half second until the sealant extrudes 
from the lug to silo flanges using an air pressure of 30 psig. at 325°F The lug is in the closed (terminated) position while 
filling. The filling port is the test probe port with the silos vertical and the test probe port opening upward. The lower and 
upper wire entry ports are closed by rufctoer pads. The terminal block is allowed to cool to room tenperature overnight, 
and the gain in weight of the blocks is measured. About 1 .4 g of sealant per silo is found. This agrees reasonably with 
the predetermined 1 .4 cc. volume of the silos. 

The insulation resistance test described in Example 6 is performed on the filled blocks with no leakage occurring 
on any silo on initial testing. 

The same apparatus and filling conditions are used in filling 10 Tel-Splice connectors. The top members of the 
housings are removed while the tiottom members are filled by short bursts until the back sides of the termination members 
are covered. The top members are then replaced, expressing fonward the sealant composition to slackly fill the case. 
Filling is completed by injecting through a wire entry hole until the case is filled visually bubble-free. 

The splices are weighed to find the average weight gain of sealant composition per splice. This is found to be about 
0.12 g per splice, which agrees reasonably with the predetermined 0.12 cc. volume of the splice. 

The insulation resistance test of Example 6 is performed on the filled splices with no leakage occurring on any splice 
on initial testing, 

EXAMPLE 13 

A cross-linkable silicone polymer precursor was prepared by intimately mixing at about room temperature a three- 
component system consisting of an organosiloxane polymer base, a hydrogen siloxane copolymer and a chloroplatinic 
acid catalyst pre-mixed into the organosiloxane polymer base. The organosiloxane polymer base consisted essentially 
of a copolymer of units of the formula RViSiOR2, R2SiO and CH3R2Si05 where R is either methyl or phenyl radicals and 
Vi is a vinyl radical. The hydrogen siloxane copolymer was of the average general formula: 

HRCH3SiO(R2SiO)nSiCH3RH 

where each R was as above defined and n had an average value such that the viscosity of the hydrogen siloxane 
copolymer was no more than about 10.000 centistokes at25**C. The cross-linkable silicone polymer precursors consisted 
of the product designated by the trademark SYLGARD 527 and was prepared in accordance with the instructions accom- 
panying the product. Such products are described in U.S. Patent No. 3,020.260 - Nelson, which is incorporated herein 
by reference, and are available from the Dow Corning Corporation. 

About 95 parts by weight (PBW) of an extender, about 5 parts by weight of a thermoplastic elastomeric polymer 
and atK)ut 1 part by weight of an antioxidant were introduced at room temperature into a two liter heavy walled glass 
mixing beaker. The beaker was provided with a heating source and a three-bladed mixing propeller. The extender was 
polybutene oil. sold under the trademark INDOPOL H-100 by Amoco, having a kinematic viscosity of about 196-233 
centistokes at 100'F. a specific gravity of about 0.88 - 0.9 at 60**F and a pour point as measured by ASTM D97 of about 
20°F The thermoplastic elastomer was a poly(styrene-ethylene-butylene-styrene) tri-block copolymer, available from 
the Shell Development Corporation under the trademark KRATON 1651, having a styrene end block to ethylene and 
butylene center block ratio of about 33:67. The antioxidant was tetrakis[methylene(3.5-di-tert-butyl-4-hydroxyhydrocin- 
namate)]methane sold by the Ciba-Geigy Corporation under the trademark IRGANOX 1010. 

With constant stirring by the three-bladed propeller at about 750 rpm the temperature of the mixture was raised 
gradually from about room temperature to about 230*'C over a period of about 80 minutes to produce a relatively homog- 
enous, glutinous composition. Stirring was continued for about an additional 80 minutes as the temperature of the mixture 
was lowered from about 230'=*C to about 160°C. With the mixture temperature at about leo^'C. about 10 pbw of the 
silicone polymer precursor described above was introduced gradually over a two minute period into the glass mixing 
beaker The mixture was maintained at about 160*C and stirring was continued for about an additional 30 minutes, at 
which point about 0. 1 PBW of corrosion inhibitor and about 0.05 parts by weight of a fungidde were added to the mixing 
beaker. The corrosion inhibitor was benzotriazole supplied under the trademark COBRATEC 99 by PMC, Incorporated, 
and the fungicide was 2-(4-thiazdyl)benzimidazole supplied under the trademark METASOL TK-100 by Calgon Corpo- 
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ration. After continued stirring at about 160^*0 for atx)ut an additional five minutes, the contents of the mixing beaker 
were cooled to about room temperature. 

A clear, homogenous, well dispersed thermoplastic sealant gel resulted with a viscosity of 296 units (0.1 mm) as 
measured by the ASTM D21 7 method for testing cone penetration of lubricating greases as described below. 

Additional physical properties of the sealant were measured and are reported in Table 1 3 under the column heading 
"EX 13." Also reported in Table 13 under the column heading "Silicone Sealant" are the properties for an extensively 
used silicone sealant in current commerce. The resulting test values illustrate the superior appearance, homogeneity 
(fineness of grind), and creep of the sealants of the present embodiments. 



TABLE 13 



PROPERTY MEASURED 


Ex. 13 VALUE 


Silicone Sealant VALUE 


Appearance 


Clear Translucent 


White Translucent 


Cone Penetration (ASTM D217) (Units are 0.1 mm) 


296 


200-300 


Bleed® 170*'F24 Hours 


0% 


0% 


Softening Point 


186°F 


None 


Fineness of Grind (ASTM D1210) (NS) 


8 


1.5 


Slump Test @ 170**F, 24 hours 


0.1 inch 


0.1 inch 


Flow 325*F, 45 p.s.i., 3 sec. 


8g 


None 



EXAMPLE 14 

About 91 parts by weight (PBW) of an extender, about 4 parts by weight of a thermoplastic elastomeric polymer 
and about 5 parts by weight of the silicone polymer precursor described in Example 1 were introduced at room temper- 
ature into a two liter heavy walled mixing beaker. The beaker was provided with a heating source and a three-bladed 
mixing propeller. The extender was a mineral oil, sold under the trademark BRITOL 55T by Malcolm Nicol & Co., having 
a viscosity of about 560 SUS at 1 00°F. a specific gravity of about .864 and a pour point of about lO^F The thermoplastic 
elastomer was a poly(styrene-ethylene-butylene-styrene) tri-block copolymer, available from the Shell Development Cor- 
poration under the trademark KRATON 1651 . having a styrene end block to ethylene and butylene center block ratio of 
about 33:67. 

With constant stirring by the three-bladed propeller at about 750 rpm the temperature of the mixture was raised 
gradually from about room temperature to about 190**C over a period of about 120 minutes to produce a relatively 
homogenous, glutinous composition. Stirring was continued for about an additional 30 minutes as the temperature of 
the mixture was lowered from about 1 90°C to about 1 60*C. With the mixture temperature at about 1 60°C, about 5 PBW 
of the silicone polymer precursor described above was introduced gradually in two minutes into the glass mixing beaker. 
The mixture was maintained at about 160''C and stirring was continued for about an additional 30 minutes to produce 
a sealant composition of the present invention. The resulting composition was subjected to a series of tests to measure 
the physical properties and performance thereof. The results of these tests are reported in Table 14 below. 



TABLE 14 



PROPERTY MEASURED 


VALUE 


Appearance 


Clear 


Cone Penetration (ASTM D217) (Units are 0.1 mm) 


Slightly Translucent 268 


Bleed® 170°F24 hours 


0 


Fineness of grind (ASTM D1210) (NS) 


8 


Slump test 170°F. 1 hr. 


0.05 inch 


Softening Point 


260''F 
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EXAMPLE 15 

The sealant of Example 2 was then inserted at room temperature into an open electrical connector of the type 
illustrated in FIGS. 12-14 using a 14 GA. hypodermic needle. The connector was then crimped to form an electrical 
connection according to standard well known techniques. It was observed that upon crimping, the sealant was deformed 
so as to extend along the length of the connection and out beyond the end of the terminal, thereby effectively sealing 
the electrical contacts. It was also unexpectedly observed that the deformed sealant adhered to the connector and wires 
during and after the crimping operation, and that little or no sealant was removed from the connector by the crimping 
tool. It was further observed that the sealant remained in contact with the wires even upon flexing thereof, thereby 
desirably maintaining the integrity of the seal. 

Claims 

1. A moisture and temperature resistant electrical connector for sealingly connecting transmission means (90,122), 
the connector being of the type having a connector body having a terminal for accepting and electrically connecting 
with the transmission means and including a gel-like sealant composition disposed along or adjacent to the terminal 
within the connector body, the gel-like sealant composition including an elastomeric thermoplastic polymer and an 
extender for said polymer, said extender comprising a major portion by weight of said composition and said polymer 
comprising a minor proportion by weight of said composition characterized in that: 

said elastomeric thermoplastic polymer comprises a composite of a first elastomeric thermoplastic polymer 
and a second elastomeric thermoplastic polymer, the melt viscosity of said second polymer being at least about 50 
times greater than the melt viscosity of said first polymer, the weight ratio of said second polymer to said first polymer 
being from about 1 :20 to about 1 :5. 

2. The connector of claim 1 , further characterized in that said sealant composition has a flow of at least about 2g per 
min, at about 160**C. a slump resistance of less than about 0.5 in. at about 80**C. and an elastic memory of at least 
about 200% at temperatures of from about -40**C to about +80°C. 

3. The connector of claim 1 . further characterized in that said extender comprises: 

(a) a secondary extender selected from the group consisting of naphthenic oils, white oils, terpenoid hydrocar- 
bons and combinations of these; and 

(c) a primary extender selected from the group consisting of polybutadiene. polybutene, polybutylene, hydro- 
carbon resins, atactic polypropylene, branched polyethylene and low molecular weight styrenic polymers. 

4. The connector of claim 3, further characterized in that said primary extender comprises a major proportion of polyb- 
utadiene oil and said secondary extender comprises a major proportion of mineral oil. and the primary extender: 
secondary extender weight ratio is from about 60:40 to 40:60. 

5. The connector of claim 1 , further characterized in that said first polymer comprises tri-block copolymer and said 
second polymer comprises di-block copolymer. 

6. The connector of claim 5, further characterized in that said di-block copolymer comprises: 

(i) an elastomeric block selected from the group consisting of non-aromatic polyolefins. polyesters, polyethers 
and combinations of these, and 

(ii) a non-elastic block selected from the group consisting of poly (alkenylarenes), polyurethanes and combina- 
tions of these. 

7. The connector of claim 6, further characterized in that said elastomeric block is a Crs non-aromatic polyolefins and 
said non-elastic block is polystyrene. 

8. The connector of any one of claims 1 to 7, further characterized in that said connector body (10.50) comprises a 
substantially closed container having access means (54) for allowing entry of an end of the transmission means 
(90) into the connector body (10.50), said terminal (10A) is adapted to be actuated to become electrically connected 
with an end of said transmission means (90) upon entry into the connector body (10.50), and said sealant compo- 
sition substantially fills said connector body 
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(54) Sealed electrical connectors 

(57) A moisture and temperature resistant electrical 
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for sealingly connecting transmission means (122) and 
containing a gel-like sealant composition disposed 
along or adjacent to the terminal within the connector 
body The gel-like sealant composition includes an elas- 
tomeric thermoplastic polymer and an extender for the 
polymer. The extender comprises a major portion by 
weight of the composition and the polymer comprises a 



minor proportion by weight of the composition. The 
elastomeric thermoplastic polymer comprises a first 
elastomeric thermoplastic polymer and a second elas- 
tomeric thermoplastic polymer. The melt viscosity of the 
second polymer is at least about 50 times greater than 
the melt viscosity of the first polymer. The weight ratio of 
the second polymer to the first polymer is from about 
1 :20 to about 1 :5. 
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